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1
Introduction
Power headroom reporting for UL carrier aggregation has to account for simultaneous transmission on multiple component carriers and independent power control on these component carriers. For that reason, RAN 1 has agreed that UE reports power headroom per UL component carrier. In this document we consider the remaining open issue with respect to power headroom reporting, and that is, whether power headroom report needs to account for simultaneous transmissions and independent power control for PUCCH and PUSCH. 

2 Discussion
Rel-8 power headroom reporting procedure is used to provide the serving eNB with sufficent information about the difference between the nominal UE maximum transmit power and the estimated power for PUSCH transmission. Rel 8/9 UEs transmit only on a single carrier and simultaneous PUSCH and PUCCH transmissions are now allowed. For that reason, it was unambiguous for the eNB to interpret power headroom report and schedule uplink transmissions accordingly. 
In LTE-A multicarrier system, the UL carriers can be located in different frequency bands and therefore experience very different channel and interference characteristics. For that reason, RAN 1 has been agreed that power control is run independently and separate power headrooms are reported for each component carrier. 

An open issue that RAN 1 needs to address now is whether separate power headroom reports for PUSCH and PUCCH are necessary. In our view, as we have already discussed in [1], separate power headroom reports are necessary since power control on PUSCH and PUCCH is run independently. The difference with respect to Rel 8 procedure is that, as opposed to Rel 8 rules, UE may be transmitting on PUCCH and PUSCH simultaneously. Note that in Rel-8, a PUCCH headroom report would have had very limited use, since PUCCH power doesn’t influence PUSCH power and PUCCH rate is not scheduled, therefore the eNB has limited recourse in case of PUCCH power headroom limitation even if the eNB knows of such deficiency. For that reason, when scheduling UEs, eNB needs to account for the fraction of power to be consumed for PUCCH transmissions when scheduling transmissions on PUSCH. At the beginning of the connection, eNB would be able to compute the fraction of power used for PUCCH relative to PUSCH based on the power control parameters the UE is configured with. However, due to independent power control for PUCCH and PUSCH and possibility for missed detection of power control commands there is uncertainty at the eNB what fraction of power would be available for PUSCH is PUCCH transmission is scheduled at the same time. 
If a PUSCH transmission was followed by PUCCH transmission, and the PUSCH headroom was known and the channel for PUCCH and PUSCH could be assumed the same then based on the observed received power ratio, the eNB could estimate the transmit power ratio at the UE.  But in practice, the channel for PUCCH and PUSCH can be significantly different due to frequency selective short term fade, which may change slower still than the pathloss measurement period (200ms).  Therefore, the PUCCH and PUSCH power cannot be derived from each other based on (short term) received signal power measurements at the eNB.     

Depending on the frequency of these reports, there may be a need for coding optimizations and our view that aspect need to be studied. For example, it may not be necessary to always include both PUSCH and PUCCH reports, where PUSCH power headroom is computed assuming PUSCH only transmission and PUCCH power headroom assuming PUCCH only transmission. Even though several PUCCH formats are defined, a single headroom report tied to one of them is sufficient since fixed power offset among them is maintained as configured by RRC signaling. 
It may be sufficient to report PUSCH power headroom more frequently then PUCCH power headroom report less often. For example, power headroom report could always be tied to PUSCH and be reported using Rel 8 rules (assuming PUSCH only, or PUSCH plus PUCCH transmissions) and a ratio between PUCCH and PUSCH power (for example, assuming ∆_TF=0 or value used when report is transmitted) potentially less often, if separate MAC control PDU is defined. If a single MAC PDU is defined, providing PUCCH/PUSCH power ratio could reduce overhead (low overhead as opposed to full power headroom report).  Rules need to be defined that determine when the power headroom report includes PUCCH power offset and when it does not. A simple option is to extend on Rel 8 rules and define triggering mechanisms that are based on a dB change in the relative ratio or periodic.  
Proposal 1: UE computes separate power headroom reports for PUSCH and PUCCH. Coding optimizations are for further study. 

3
Summary 
In this document, we discussed power headroom reporting for a single UL component carrier. Our conclusion is due to separate PUSCH and PUCCH power control, UE computes separate PUCCH and PUSCH power headroom reports. Coding optimizations need to be studied further since it may not be necessary to have both PUCCH and PUSCH reports with the same frequency.  Our proposal can be summarized as:

Proposal 1: UE computes separate power headroom reports for PUSCH and PUCCH. Coding optimizations are for further study.
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