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1
Introduction
It was indicated in the LS from RAN1 [1] that per CC power headroom report should be supported for carrier aggregation and it is FFS whether or not PHR is per channel (i.e. PUSCH / PUCCH) within each per-CC PHR. In this contribution, we discuss how per CC PHR works from a RAN2 perspective.
2
PHR format for CA
In Rel8/9, a MAC Control Element with special LCID is used for PHR [2]. 
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Figure 1: MAC subheader for PHR
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Figure 2: Power Headroom MAC control element
According to Rel-8/9 procedures, after PHR triggered it will only be included into a TB when UL grant is available for new transmission as PHR itself does not trigger SR to request an UL grant. In the context of CA, it would in theory be possible to have further flexibility of having a triggered PHR of a CC in a TB of another CC when there is UL grant available, e.g. with the R bits in the PHR payload or MAC subheader to indicate CC index. However, we believe the PHR triggering and reporting procedure of Rel-8/9 is proved to be enough for power headroom report and there is no strong motivation to introduce such complexity. The simplest and most straightforward way is to reuse the existing format for CA with the restriction that PHR of a CC can only be included in the TB of the corresponding CC.
Proposal 1: Reuse the Rel-8/9 PHR format for CA and restrict the mapping of PHR to the TB of the corresponding CC. 
3
Padding PHR
With same Rel-8/9 principle for logical channel prioritization for CA, multiple (padding) BSR can be triggered in the same TTI on different CCs, in different TBs because of MAC/RLC header granularity, and that regardless of whether the procedure is performed per UL grant or for all grants as a total. When a BSR has already been included in one CC, additional BSR(s) with identical content in other CCs does not contain any useful information and should therefore be avoided. So instead it is proposed to replace redundant padding BSRs by padding PHR.
Proposal 2: Introduce Padding PHR.
4
PHR triggers
PHR triggers we have now for Rel-8/9 are:

-
prohibitPHR-Timer expires or has expired and the path loss has changed more than dl-PathlossChange dB since the transmission of a PHR when UE has UL resources for new transmission;

-
periodicPHR-Timer expires;

-
upon configuration or reconfiguration of the power headroom reporting functionality by upper layers [8], which is not used to disable the function.

With only intra-band aggregation supported for UL in Rel-10 [3], one trigger on a CC could very well apply to all CCs as the reference path loss would be similar. So it is simpler and sufficient to have per UE PHR trigger/timers instead of per CC trigger/timers.
Proposal 3: Have per UE PHR trigger/Timers.
There might be some cases when even if the UE is configured and scheduled to transmit on multiple CCs, the eNodeB can derive all the available information from power headroom reports on one CC. In these cases the signalling overhead associated with power headroom reports can be reduced if the eNodeB can configure via higher layer signalling (e.g. RRC) for which uplink configured CC(s) the UE should report CC-specific power headroom reports [4].

Proposal 4: It should be possible for the eNodeB to configure for which uplink configured CC(s) the UE should report CC-specific PHR. 
5
Conclusion
Per CC Power Headroom Report for carrier aggregation is discussed in this contribution with following proposal proposed:
Proposal 1: Reuse the Rel-8/9 PHR format for CA and restrict the mapping of PHR to the TB of the corresponding CC.
Proposal 2: Introduce Padding PHR.
Proposal 3: Have per UE PHR trigger/Timers.
Proposal 4: It should be possible for the eNodeB to configure for which uplink configured CC(s) the UE should report CC-specific PHR. 
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