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1 Introduction
In the previous RAN1 meeting, the idea of per component carrier (CC) PHR is agreed for the carrier aggregation (CA) scenario.  However, per CC PHR, which does not take into consideration of maximum UE power constraint, may not provide sufficient information about the available power left at UE [1, 2, 3].  Therefore, eNB needs to perform some guessing to speculate the available power based on per CC PHR.  This could lead to either conservative resource allocation or uplink signal scaling if the required total output power exceeds UE maximal power constraint.  In this contribution, we illustrate the problem of per CC PHR and provide our solution, which is per UE PHR, to help eNB identify the available power. 
2 Needs for per UE PHR  
In CA scenario, we may have inter-band CC or intra-band CC, depending on the frequency band available.  The frequency band location may imply different RF circuit implementation.  For example, UE may employ one signal RF circuitry for each CC in inter-band case while it may have only one RF circuitry to cover all CCs in intra-band case.  For the inter-band CC case, where each RF component corresponds to one uplink CC, per CC PHR is good enough since adjusting the output power of one CC will not affect the available power of other CCs.  However, when more than one uplink CC share the same RF component, per CC PHR may not be able to inform eNB about the remaining power available.  
To illustrate the problem of per CC PHR in intra-band CC case, let us consider the following example.  Assume there are two CCs, namely, CC1 and CC2, for one UE.  To simplify the discussion, we assume CC-specific Pmax = UE-specific PUE,MAX as shown in Figure 1.  It is shown in Figure 1 that it is possible to increase the power for each CC based on per CC PHR since PHR is positive.  Since the total transmit power has reached PUE,MAX, the power increase for one CC, e.g., allocating more resource blocks to one CC, will inevitably leads to output power scaling, which is not preferred.  
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Figure 1: Per CC PHR for two CCs in CA mode
The problem comes from the fact that eNB does not have any idea about the value of MPR.  Although the range of MPR, which is related to the modulation order and size of allocated resource blocks [4], can be inferred, eNB still cannot figure out the exact value of MPR.  Due to MPR ambiguity and no other information available, eNB may perform a conservative MPR estimation to avoid possible uplink signal scaling.  In this case, the resource usage is not efficient and the situation is getting worse if more CCs are served by the same RF circuit.   

To avoid MPR estimation error and improve the resource usage efficiency, it is straight forward to send additional information, such as per UE PHR, to eNB together with per CC PHR.  For example, per UE PHR can be defined as
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where PPUSCH,i denotes the power consumed by PUSCH at CC i.  Please note that we do not consider the power consumed by PUCCH for per UE PHR since it can be inferred by per CC PHR of PCC.  By doing so, eNB can acquire a clear idea about how much power remained without any speculation, which may cause power control error.  
Proposal: Per UE PHR shall be sent together with per CC PHR by UE to eNB in CA mode.

3 Conclusion
In this contribution, we show the insufficiency of per CC PHR in CA mode for Rel-10 systems and suggest RAN1 to consider the benefit and necessity of per UE PHR.  Our proposal is given below. 

Proposal: Per UE PHR shall be sent together with per CC PHR by UE to eNB in CA mode.  
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