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1. Introduction

In RAN1#59bis it was agreed that power headroom reports in LTE-Advanced are per CC. Also, it was agreed that both a CC-specific and a UE-specific maximum power will be defined. However, it was left FFS whether or not separate power headroom reports would be needed for PUSCH and PUCCH [1]. In this contribution we address in more details open issues regarding power headroom reporting in case of uplink carrier aggregation.
2. Power headroom reporting
The main scope of power headroom reports is to provide information to the eNode-B on how close the UE is operating to its maximum transmission power capabilities. This information is needed for packet scheduling and link adaptation purposes. For instance, being aware of the fact that a UE is operating at its maximum transmission power, the eNodeB can also know that allocating more physical resource blocks to that UE will results in a drop of its experienced SINR. Such information is in practice only needed for PUSCH. On the other hand, in LTE-Advanced allowing for simultaneous PUSCH and PUCCH transmission the available power headroom depends on whether or not PUCCH is simultaneously transmitted. However, we believe that the eNodeB can derive all the information needed from a single CC-specific power headroom report if the power headroom calculation includes both PUCCH and PUSCH powers. Note that the eNodeB knows when PUSCH and PUCCH are simultaneously transmitted and can always obtain additional information by comparing the power headroom reports with and w/o simultaneous PUSCH and PUCCH transmission.

Proposal 1: There is no need for separate PUSCH and PUCCH power headroom reports.

Next we address more in detail how the UE should derive the power headroom report in case of uplink carrier aggregation. Figure 1 illustrates an example of how uplink transmission could look like in Rel’10. We make the following assumptions:

· The maximum power reductions applied by the UE to cope with simultaneous PUSCH-PUCCH transmission, multi-cluster scheduling, simultaneous transmission on multiple CCs, regulatory requirements, etc. are taken into account in the CC specific maximum transmit power Pcmax[k] agreed in RAN1#59bis [1]. The exact way the MPR/A-MPR is derived and applied is an RAN4 issue. The eNode-B does not have knowledge of the CC-specific maximum transmission power (which depends on the type of allocation and on the standardized MPR table, but is also UE implementation specific).

· The UE specific maximum transmission power (also agreed in RAN1#59bis [1]) only depends on the UE capabilities and is potentially known at the eNodeB.
In this contribution we focus on an example assuming uplink carrier aggregation of two contiguous CCs, however the presented discussions and conclusions can easily be extended to an arbitrary number of CCs, as well as to the case of non- contiguous CA.
Though the exact power control formula for Rel’10 has not been standardized yet, CC-specific power control has been agreed in RAN1#59bis. Let us define PPUSCH[k] as the outcome of the PUSCH power control formula on CC k before any power limitation is applied. PPUSCH[k] is a function of CC-specific PC parameters and measurements such as P0[k], [k], PL[k], etc. [2]. An example of how PPUSCH[k] could be derived is given in (1). Similarly, we define the “nominal” PUCCH transmission power on CC k as PPUCCH[k].
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Figure 1: Example of uplink transmission in case of carrier aggregation in LTE-Advanced
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In Rel’8 the PHR is defined as the difference between Pcmax and the “nominal” PUSCH transmission power [3]. If we apply the same principle to Rel’10 and also take into account the cases with simultaneous PUCCH and PUSCH transmission, one could then Rel’10 CC-specific power headroom on CC k as:
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However, using this definition of power headroom the eNodeB will not have enough information to determine how close the UE is actually operating to the UE-specific maximum transmission power. For example, the UE could be operating with 2 dB power headroom on each component carrier while exceeding the UE-specific maximum transmission power. Hence the need to introduce a CC-specific power headroom reporting mechanism that indicates how close the UE is operating either to the CC-specific or to the UE-specific maximum transmission power.

Proposal 2: The CC-specific power headroom report standardized to support uplink carrier aggregation in Rel’10 should provide the eNodeB with information on how much power can potentially be allocated to the UE on the corresponding CC when taking into account both CC-specific and UE-specific maximum transmission power.
Finally, there might be some cases when even if the UE is configured and scheduled to transmit on multiple CCs, the eNodeB can derive all the available information from power headroom reports on one CC. This is for example the case with contiguous CA (i.e. same path loss measurement used on contiguous CCs), no closed loop power control and same maximum tx power on all CCs. In these cases the signalling overhead associated with power headroom reports can be reduced if the eNodeB can configure via higher layer signalling (e.g. RRC) for which uplink configured CC(s) the UE should report CC-specific power headroom reports.
Proposal 3: It should be possible or the eNodeB to configure via higher layer signalling (e.g. RRC) for which uplink configured CC(s) the UE should report CC-specific power headroom reports.
3. Conclusion
In this contribution we have discussed power headroom reporting in case of uplink carrier aggregation in LTE-Advanced. Based on a number of observations we make the following proposals: 
Proposal 1: There is no need for separate PUSCH and PUCCH power headroom reports.
Proposal 2: The CC-specific power headroom report standardized to support uplink carrier aggregation in Rel’10 should provide the eNodeB with information on how much power can potentially be allocated to the UE on the corresponding CC when taking into account both CC-specific and UE-specific maximum transmission power.

Proposal 3: It should be possible or the eNodeB to configure (e.g. via higher layer signalling) for which uplink configured CC(s) the UE should report CC-specific power headroom reports.
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