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1. Introduction 

RAN1-59bis has agreed the CC-specific UL power control, but the following issues are still left for FFS:
· Whether a pathloss offset per CC can be signalled to the UE.
· 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
The path loss offset is discussed in [1].  The power scaling and the handle of multiple PA are discussed in [2]. In this contribution, we focus on the discussion of headroom reporting if the additional power headroom reporting for PUSCH or/and PUCCH are needed
2. Discussion
The power headroom reporting (PHR) is specified to assist the eNB scheduler to determine the MCS of PUSCH when the UL power control is running.   The power headroom is defined as the difference between the allowed UE maximum transmit power and the current transmission power for PUSCH in [3]. In addition to support multiple carriers in Rel-10, the simultaneous PUCCH and PUSCH transmissions are supported.  The power headroom reporting in Rel-10 become relatively complicate compared with that of LTE-8.
2.1 The power headroom reporting should be CC-specific
It has been agreed in RAN1#59bis that the CC-specific power control is supported. It implies that the PSD is controlled for each carrier component based on the CC-specific open loop formula and closed loop power control command in the following:
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 The eNB scheduler needs to determine the radio resource allocation on each CC based on the UE power class and power headroom with the running of power control.  The power consumption on each carrier component should be signalled to eNB separately. Since PUSCH are scheduled independently on each component carrier, the power headroom reporting would be separately for each component carrier. In addition, the triggering of power headroom report could be CC-specific to minimize the required overhead. 
2.2 The power headroom reporting for different scenarios
In RAN1#55bis, it was agreed that in addition to TDM type multiplexing between PUSCH and PUCCH that is currently done in LTE Rel8, LTE Rel10 will also support simultaneous PUCCH and PUSCH transmission in the same CC.  Thus the transmit power in the UE need to be shared among the two channels. The total transmit power on CC(i) are the sum of the two channels 
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Thus the power headroom reporting might be different with Rel.8.  Many documents propose only one composite power headroom reporting due to the difficulty in separation of power usages between the 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 close loop TPC command, which might be error in TPC detection. Thus, there is uncertainty in the power headroom reporting.  
We break down the power headroom reporting with respect to the following three scenarios:
Scenario 1.  Multiple PUSCH in different CCs
In this scenario, the CC-specific PUSCH power headroom reporting should be the same with Rel-8 as following:
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Here
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is the power headroom for PUSCH, the maximum allowed transmission power and  the PUSCH transmission power a on carrier i. 
The power headroom reporting per CC is computed based on PUSCH power consumption on each subframe with the knowledge of no PUCCH transmission.   Since the path loss for the PUSCH and PUCCH in the same component carrier is the same, the power used for PUCCH in a given subframe could be derived based on the previous power headroom reporting for PUCCH only as in the following. :
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Here 
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 is the PUCCH transmission power on carrier i, 
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is the power headroom for PUCCH.  The addition of PUCCH power headroom report might not be helpful.  
Scenario 2.  PUSCH and PUCCH in one CC 
In this scenario, the power head reporting contains the combined power used by PUSCH and PUCCH.  The addition of PUCCH power headroom and PUSCH power headroom to be reported to the eNB might be helpful since the eNB is expected the concurrent transmission of PUCCH and PUSCH when the request of the power headroom reporting is sent from the eNB to the UE.
Scenario 3.  PUSCH and PUCCH on different CC in multi-CC scenario
In this senario, the power headroom reporting per CC will cover the power used by PUSCH and PUCCH in its respective carrier.  Separate report of power headroom for PUCCH and PUSCH would not show any difference in remaining power.   
In summary, separated power headroom for PUCCH and PUSCH might be useful in the scenario of concurrent PUCCH and PUSCH transmission in the same carrier. The following report combination can also work for the eNB to derive the PSD on PUSCH and the remaining power left for PUSCH transmission in addition to formula (2) and (3) when both PUSCH and PUCCH are transmitted in the same subframe. 
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2.3 The power headroom reporting for single PA and multiple PAs
It is agreed in RAN1-59bis that a CC-specific max power is supported. It is also agreed to leave the decision to RAN4   for the maximum UE transmit power in the case of multiple PAs. The power headroom reporting per CC should remain unchanged based on 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 FFS issues on headroom reporting in LTE-A. The following proposals are proposed:
· CC-specific power headroom should be reported

· A power headroom report for PUCCH or/and PUSCH in addition to the power headroom reporting per CC could be requested to the eNB when the PUCCH and PUSCH are transmitted in the same subframe.

· The CC-specific power headroom reporting should remain the same regardless of single or multiple PAs are used at the UE.  
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