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1. Introduction
During the email discussion after RAN1 #59bis, following has been agreed regarding PH reporting [1].
· Per CC 

· PHR report should include CC specific reports for PUCCH/ PUSCH

· FFS whether individual or combined PUCCH/PUSCH PHR

In this document, we will discuss the remaining issues on PH reporting for carrier aggregation.
2. Remaining issues on PH reporting
Although the detailed operation of PH reporting should be defined in RAN2, RAN1 could give some insights because it is highly related to UE transmit power or eNB scheduling. 
PUCCH related PH

As discussed in the email discussion, there are two options to define PUCCH related PH. 

(a) UE can report PHR1 = Pcmax – Ppusch or PHR2 = Pcmax – Ppusch – Ppucch 
(b) UE can report PHR1 = Pcmax – Ppusch or PHR2 = Pcmax – Ppucch

Assuming that UE transmits both PHR1 and PHR2 in either case, there is no difference between two options. It would be difficult to transmit only PHR2 in option (a) because the eNB cannot estimate PUSCH only power headroom with PHR2. For the simplicity, option (b) is preferred. 
Configuration of CCs that the UE reports PH 

It is agreed that per CC based PH reporting is supported, which means the UE calculates PH as a difference between the CC specific maximum transmit power and  PUSCH/PUCCH transmit power of each CC. However, it is worth questionable if the UE always reports PH of all CCs. Most of the factors determining a UE transmit power are signalled by the eNB (except for the path loss). Regarding the pathloss, the multiple UL CCs can refer to same DL CCs to measure pathloss and the difference will be compensated implicit or explicit signalling by the eNB.  Given that the path loss of CCs is same by referring same DL CC, it may not be necessary to report separate PH values for all CCs. It may be concerned that CCs will experience independent TPC error. If the accumulation is enabled, it might be difficult for the eNB to track independent TPC errors for CCs. But, if the accumulation is not enabled, the next TPC will be replaced the previous error and the eNB can estimate the difference of TPC between CCs easily. 
As a result, in some cases where same DL CC is referred and the accumulation of TPC is not enabled, it is possible to detect PH of multiple carriers by receiving PH of one CC. When PH is not required, the eNB could configure the carrier set not to be reported. The main benefit of the configuration of PH reporting would be the reduction of signalling overhead and it is worthwhile when many CCs are aggregated in a same band consecutively.  
PHR transmission 
In Rel-8 system, the UE transmits PUSCH PH when the reporting event is triggered and PUSCH is scheduled. Probably, the similar operation can be applied for PHR in carrier aggregation. The UE transmits PHR of CCs when the path loss of CCs has changed larger than the given threshold. When the event is triggered in one CC, the PUSCH of this CC may not be scheduled. It is possible for the UE to wait until the PUSCH is scheduled in this CC. However, the delayed PH reporting would degrade the performance of eNB scheduling. Rather than waiting for this CC to be scheduled, it would be better to transmit PH in any CC scheduled in the same subframe when the PHR is triggered. In this case, the UE may need to transmit CC index to indicate which CC’s PH is reported.  
PH calculation 
The following equation is the UE power headroom defined in Rel-8 [2]. 
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It would be easy to modify this equation to calculate per CC based PH. One possible issue is that the UE may not have a current PUSCH/PUSCH transmission when the UE wants to transmit PH. It can happen quite often because PH is transmitted in any CC and PUCCH transmission is independent with PUSCH transmission. Without the scheduling information or PUCCH format, it is difficult to calculate PH values. To resolve issue, when PUSCH/PUCCH is not transmitted, the UE can assume the reference configuration to calculate PH. For example, a certain number of scheduled resource blocks (
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are defined when PUSCH is not transmitted. And, one of PUCCH formats can be used as a reference format to calculate PUCCH PH.
3. Conclusion

In this document, we discussed the remaining issues for the details of PH reporting in carrier aggregation. Followings are recommended to progress the design of PH reporting.
· PUCCH related PH : PUCCH only PH is reported on top of PUSCH PH
· Configuration of CCs that the UE reports PH: the eNB can configure CCs that PH is reported.
· PHR transmission: When PH reporting is triggered, PH can be included in any PUSCH carrier if it is scheduled. 

· PH calculation: In order to calculate PH values when PUSCH/PUCCH is not transmitted, the UE can assume the reference configuration for PUSCH/PUCCH. 
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