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1 Introduction

After the RAN1#59bis meeting there are some issues open for power control in carrier aggregation. In this paper, we provide analysis and our preference on power headroom reporting.
2 Discussion
In RAN1 #59bis meeting, PHR has been discussed in many contributions ‎[1]~‎[6].The main issue needs to be addressed is whether individual or combined PUCCH/PUSCH power headroom should be reported by a UE to the eNB for a uplink CC in case of concurrent PUSCH/PUCCH transmission. There are two possible PHR reporting methods including combined PHR where
PHRcombined = Pcmax - PPUSCH(i) - PPUCCH(i)












(1)

or PHR of PUSCH and PUCCH individually
PHRPUSCH = Pcmax - PPUSCH(i)














(2)

PHRPUSCH = Pcmax - PPUCCH(i)














(3)

Here we compare the combined PHR and the individual PHR.
· Feedback opportunities
The combined PHR can be reported for any uplink subframe with PUSCH transmission. For individual PHR, PUSCH PH can always be reported while PUCCH PH can only be reported when PUCCH is transmitted with PUSCH simultaneously. Therefore, even if individual PHR is used, a lot of the time only PUSCH PH may be reported. In addition, UCI may be multiplexed within PUSCH resource and hence only PH for PUSCH is needed.
· Overhead 

Compared to individual PH reporting method, the combined PH reporting has smaller overhead.

· Link adaptation usage

Since the PH is mainly used for uplink link adaptation, i.e. to assist the network in the selection of a combination of MCS and resource size M that does not lead to the mobile terminal being power limited, the key is whether the PHR(s) provides enough information for eNB to do accurate link adaptation for both PUSCH only transmissions as well as PUSCH/PUCCH simultaneous transmissions. 
Though a single combined PH may only be used for accurate link adaptation of the same transmission situation (PUSCH or PUSCH/PUCCH), multiple combined PHs may be reported for different transmission situations if needed for accurate link adaptation.
· Restrictions of application scenarios from RAN4 perspective
From RAN4 perspective ‎[7], simultaneous PUSCH/PUCCH and PUCCH/PUCCH transmissions across contiguous or non-contiguous CC or within a CC using a single PA will not meet regulatory requirements without a reduction of the maximum transmit power. The required power back-off is in the range 4-6 dB when equal power PUSCH and PUCCH allocated at two ends of the transmission bandwidth. This may further restrict the application scenarios of concurrent PUSCH/PUCCH transmission. A detailed analysis on simultaneous PUSCH and PUCCH transmission is given in a companion contribution ‎[8] where it is proposed to not allow such a situation. Even if simultaneous PUSCH and PUCCH transmission is allowed, it should only be used for limited scenarios.
3 Proposals
Based on the analysis given in Section 2, we have the following proposals:

Proposal: Single PHR per CC based on accumulated transmitted power is used.
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