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1. Introduction

In LS R2-104205, RAN2 asks RAN4 to clarify the concerns on the currently agreed CC-specific PHR for CA, e.g. whether MPR used for calculating the per-CC PHR of uplink transmission of a certain CC takes into consideration uplink transmissions on other CCs. This contribution includes some considerations on this issue.
2. Discussion

Determining the MPR of a particular component carrier (CC) when multiple CCs are scheduled for uplink transmission is a new issue in Rel-10 since previous the MPR is calculated for each UE. When calculating the MPR of a CC, either considering or not considering the impact of other CCs is a possible way forward. However there are pros and cons that need to be considered. 

Based on particular regulation requirements (SEM, ACLR etc), the value of MPR depends on the number of allocated RBs and their location. For the continuous carrier aggregation with one PA, the MPR value also depends on the distance between the allocated RBs on different CCs. If the MPR is calculated separately for each CC, i.e., do not consider the impact of other CCs, Rel-8 requirement could be reused and each CC will have its own MPR value which could have a maximum value of up to 2dB according to [1]. The MPR value will be identical between different carriers if all scheduled CCs are jointly considered and from the simulation results shown in [2], [3] and [4], the value of MPR could be much larger compared with the Rel-8 MPR requirement. 
Assuming the value of PEMAX is high enough and will not impact PCMAX, a UE will deduce a large PCMAX for each carrier if the MPR calculation does not consider the uplink transmissions of other carriers and thus feedback a large PHR to eNB. This will cause eNB generate inappropriate uplink transmission power adjustment command. Therefore the problem is that the calculated total uplink transmission power at the UE side may exceed the UE’s maximum transmission power. In order to overcome this problem, power scaling is performed by the UE side which will reduce the uplink transmission performance. Alternatively UE needs feedback extra information such as per UE PHR described by [5] to prevent this problem from happening. If the MPR considering all scheduled CCs is used, although the former problems still exist, it is expected that the occurrence of those extra actions, such as the power scaling at the UE side, could be reduced.  

On the other hand, when multiple CCs are scheduled, although the obtained per-CC PHR may be more close to the actual remaining power if the per-CC MPR calculation considers other scheduled CCs, one concern is that this PHR may not reflect the change of uplink scheduling accurately.  For example, assuming there are two active carriers, CC 1 feedback its PHR when both CC1 and CC2 are scheduled. However if after a few sub-frames only CC1 is scheduled, before the next PHR report the eNB will still use the old CC1’ PHR. Therefore if the MPR in previous calculated per-CC PHR considers the impact of other scheduled carriers, eNB is less likely to utilize the potential of the increased power headroom due to the change of scheduling. Additionally, calculating the MPR of each CC alone may allow eNB to better understand each CC’s scheduling and power adjustment potential because PHR would not be affected by the existence of other CCs. For example if the allocated RBs of one CC are much less than the RB allocation of the second CC, the first CC gets more room for the transmission power increase. If the MPR of each CC is calculated separately, eNB will easily learn the difference potential between different CCs.  
Based on former analysis, per CC MPR is calculated based on per CC level is more suitable to fully exploit the benefit when per CC PHR is feedback. 
Proposal: The MPR used for calculating the per-CC PHR of uplink transmission of a certain CC should only consider its own uplink transmission. 
3. Conclusion

The advantages and disadvantages of different ways to calculate the MPR used for per-CC PHR calculation are analyzed and the conclusion is the MPR calculation per CC should not take into account uplink transmission on other CCs. If this conclusion is agreed, a corresponding LS letter could be sent to RAN2. 
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