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1
Introduction
In Rel-8/9, PUCCH is never transmitted in the same subframe as PUSCH to maintain low CM single carrier property. The power headroom is then defined as the difference between the current PUSCH transmission power and the UE allowed maximum transmission power. The power headroom reporting (PHR) is to assist eNB to schedule PUSCH grant.
In RAN1 #59bis meeting, component carrier specific PHR was agreed [1], yet, whether or not PHR is per channel (i.e. PUSCH/PUCCH) within each per-CC PHR is FFS. 

This contribution discusses the per-channel PHR issue and other remaining aspects on power headroom reporting.
2
Discussion
In Rel-10, it’s been agreed that simultaneously PUCCH and PUSCH transmission on a component carrier is allowed. Consequently, eNB should take into account PUCCH transmission power contributing to the UE current transmission power so as to assist eNB to schedule PUSCH. The intuitive way to achieve this is by providing power headroom information of PUCCH, which either by a composite PUCCH/PUSCH PHR or individual PUCCH PHR. 
It seems that composite PUCCH/PUSCH PHR doesn’t provide enough information on the PUCCH and PUSCH transmission power level. In addition, accumulative PUCCH and PUSCH power control error could happen (e.g. miss detection or detection error). Therefore, it’s crucial to have individual PUCCH PHR from PUSCH PHR. 
Proposal 1: individual PUCCH PHR is reported.
With individual (per channel) PUCCH PHR, new PHR format is needed to accommodate per channel PHR, which implies that PHR format should include latest PUCCH PHR for latest PUCCH transmission probably not in the current reporting subframe and current PUSCH PHR if a specific PHR format (e.g. fixed or extendable format) is preferred. Otherwise, PUCCH PHR is reported when PUCCH and PUSCH are simultaneously transmitted in the current reporting subframe or the latest PUCCH PHR has not been reported, which implies an overhead (e.g. PHR format indicator) to indicate PHR format (dynamic format) or can only rely one eNB’s knowledge on when PUCCH has occurred. 

In case that PUCCH PHR and PUSCH PHR are always reported in a specific PHR format (e.g. fixed format or extendable format) in the reporting subframe, then certain rule (e.g. a simple predefined PHR value or depends on UE max transmission power estimation) might be required for the PUCCH PHR value if there is no PUCCH transmission before the reporting subframe, or if the latest PUCCH PHR of the latest PUCCH transmission has been reported and there is no further PUCCH transmission since the latest PUCCH transmission. Such rules can also be achieved by PHR format indicator for dynamic format case. 
For simplicity, individual PUCCH PHR in a specific PHR format might be beneficial. However, overhead of PUCCH PHR shall exist on the configured UL CC for PUCCH transmission or even all UL CCs (if same format for all UL CCs). 

Proposal 2: it’s proposed to decide one of the PHR formats:

· Specific PHR format: Individual PUCCH PHR is reported in a specific PHR format, where UE shall report the latest PUCCH PHR or a predefined PHR;
· Dynamic PHR format: PHR format indicator indicates whether latest PUCCH PHR is included. 


In the previous meeting, it’s agreed to have one UE specific UL CC configured for PUCCH. Consequently, PUCCH PHR should only be reported on the configured UL CC since PHR is CC specific. However, there is another alternative that PUCCH PHR could be reported on any UL CC with available PUSCH grant since anyway eNB knows on which UL CC PUCCH is allowed to be transmitted, no matter the specific format or dynamic format with PUCCH PHR indication is used. The potential benefit of the second alternative is that the eNB has most up-to-date PUCCH PHR without the need waiting for PUSCH grant on the configured UL CC.
Proposal 3: it’s proposed to decide one of alternatives:

· Individual PUCCH PHR is reported on the configured UL CC;
· Individual PUCCH PHR is reported on any UL CC with available PUSCH grant.
Without losing generality on the decision of proposal 1, eNB should determine PUSCH grant/MCS according to its knowledge on when PUCCH has occurred. However, miss detection/detection error (e.g. PUCCH content) and TPC command errors could happen. In addition, due to possible PUCCH formats (e.g. including possible new format for ACK/NACK feedback of multiple DL CCs), it’s better to indicate PUCCH format by a format index, which implies the PUCCH content, in the PHR format to provide accurate information to the eNB. Consequently, eNB can more properly schedule PUSCH. The size of PUCCH format index depends on the number of available formats. The possible remaining index could be reserved or for other indication (e.g. no PUCCH PHR as PHR format indicator). 
Proposal 4: Including a PUCCH format index in the PHR format along with individual PUCCH PHR:
· The possible remaining index could be reserved or for other indication;
· If the specific PHR format is supported, whether index to no PUCCH PHR is FFS (not needed for dynamic case).
As mentioned above, new PUCCH format and new PUCCH transmission scheme may be needed due to configuration of multiple DL CCs and single PUCCH UL CC. If multiple PUCCH resources are considered, then whether separate PUCCH PHR for simultaneous PUCCHs is needed should be considered. For, different PUCCH formats may be used with the same consideration for proposal 4. 
Proposal 5: If multiple PUCCH resources (in adjacent PRBs) are considered, separate PUCCH PHRs for simultaneous PUCCHs are reported.
In Rel-8/9 [2], PHR is triggered by periodic PHR timer, PHR prohibit timer and DL pathloss change, and/or PHR (re)configuration. Since PHR is CC specific, whether PHR triggers are CC specific should also be considered. Please note that PUSCHs for PHR reports on UL CCs could still happen in different subframes with a common PHR trigger configuration because of PUSCH scheduling on UL CCs.
Due to UE specific carrier aggregation configuration, the numbers of UE configured for each UL CC could vary, contributing to possible impact on the PHR timers and (re)configuration event. With the dynamic scheduling among UEs and different pathloss change among CCs, it’s worthwhile to considering allowing CC specific PHR triggers.
Proposal 6: Whether CC specific PHR triggers are needed should be FFS.

3
Conclusions 
In this contribution, we discuss several issues related to power headroom reporting.
It’s proposed to discuss and agree on the following in RAN1:

Proposal 1: individual PUCCH PHR is reported.
Proposal 2: it’s proposed to decide one of the PHR formats:

· Specific PHR format: Individual PUCCH PHR is reported in a specific PHR format, where UE shall report the latest PUCCH PHR or a predefined PHR;

· Dynamic PHR format: PHR format indicator indicates whether latest PUCCH PHR is included.
Proposal 3: it’s proposed to decide one of alternatives:

· Individual PUCCH PHR is reported on the configured UL CC;

· Individual PUCCH PHR is reported on any UL CC with available PUSCH grant.

Proposal 4: Including a PUCCH format index in the PHR format along with individual PUCCH PHR:

· The possible remaining index could be reserved or for other indication;
· If the specific PHR format is supported, whether index to no PUCCH PHR is FFS (not needed for dynamic case).
Proposal 5: If multiple PUCCH resources (in adjacent PRBs) are considered, separate PUCCH PHRs for simultaneous PUCCHs are reported.
Proposal 6: Whether CC specific PHR triggers are needed should be FFS.
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