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1. Introduction 

In RAN1-59bis, CC-specific power control parameters in the UL PC formula were agreed. Following further discussion in RAN1#60bis, the CC-specific power control formula and general requirements on power scaling were agreed [1]

 REF _Ref260732811 \r \h 
[2]. The following issues were left FFS:
· Pathloss offset compensation due to limited DL measurement, depending on RAN4 input.
· Detailed formula of max power scaling.

· Handling of multiple PAs.

· Whether or not PHR is per channel (i.e. PUSCH / PUCCH) within each per-CC PHR

In this contribution, we focus on the discussion of headroom reporting and discuss whether additional power headroom reporting for PUSCH and/or PUCCH on PCC is needed.
2. Discussion
Power headroom reporting (PHR) is required to assist the eNB scheduler to determine radio resource allocation and to determine the MCS of PUSCH. In Rel-8, power headroom is defined as the difference between the allowed UE maximum transmit power and the current transmission power for PUSCH in [5]. In addition to carrier aggregation, simultaneous transmission of PUCCH and PUSCH on PCC is supported in Rel-10 as part of UL enhancement.  Power headroom reporting in Rel-10 needs to be defined taking into account these additional requirements.
2.1 CC-specific power headroom reporting
CC-specific power headroom reporting was agreed in RAN1#59bis. In addition, we believe that triggering of each power headroom report should be CC-specific to minimize the required reporting overhead. 
2.2 Power headroom reporting for PCC
In RAN1#55bis, it was agreed that in addition to TDM type multiplexing between PUSCH and PUCCH that is currently done in LTE Rel-8, LTE Rel-10 will also support simultaneous PUCCH and PUSCH transmission in the same CC, i.e.,PCC.  The transmit power in the UE needs to be shared among the two channels. The total transmit power on this CC are the sum of the two channels
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Thus the power headroom reporting might be different from Rel.8.  Many documents propose only one composite power headroom reporting due to the difficulty in separation of power usages between PUSCH and PUCCH, i.e,
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. However, the PSD derived at UE is not only based on the open loop PC but also based on the closed loop TPC commands. Independent power control commands for PUSCH and PUCCH may result in mismatch between PUSCH and PUCCH power control loops. There may therefore be uncertainty in the power headroom reporting.  
In general, power headroom reports for PUSCH and PUCCH can be defined according to equations (1) and (2) respectively:
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Separate power headroom reports for PUCCH and PUSCH might be useful for PCC since  concurrent PUCCH and PUSCH transmission is supported for this carrier. 
The following report combinations can also work for the eNB to derive the PSD on PUSCH and the remaining power left for PUSCH transmission in addition to formulae (1) and (2) when both PUSCH and PUCCH are transmitted in the same subframe: 
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Moreover, the triggering of PHR for PUCCH and PUSCH should be independent of which of the following three UL channel transmission combinations occur in a given subframe: only PUCCH transmission, only PUSCH transmission or concurrent PUCCH and PUSCH transmission. 
As PHR can only be included in a TB when an UL grant is available, i.e, when there is UL PUSCH transmission, the PHR for PUCCH related to current PUCCH transmission can only be reported if there is PUSCH transmission in the reporting subframe. If there is no PUSCH transmission in the reporting subframe, there are two alternatives: PHR for PUCCH for the latest PUCCH transmission is reported, or the latest determined power on PUCCH based on the power control formula for PUCCH is reported.

2.3 Power headroom reporting for single PA and multiple PAs
It was agreed in RAN1-59bis and RAN#60bis that a CC-specific max power is supported. It was also agreed to leave the decision on the maximum UE transmit power in the case of multiple PAs to RAN4. The power headroom reporting per CC should remain unchanged irrespective of the specification of maximal power per component carrier. The UE max transmit power per CC would be defined in RAN4.  
3. Conclusions:

This paper further discussed the remaining issues on power headroom reporting in LTE-A. The following proposals are made:
· Power headroom report for PUCCH and/or PUSCH in addition to the power headroom reporting per CC could be configured by the eNB  for PCC
· The CC-specific power headroom reporting should remain the same regardless of whether single or multiple PAs are used at the UE.  
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