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1.
Introduction
The main purpose of Power Headroom Reporting from UE is to provide information to the eNB on how close the UE is operating to its maximum transmission power. Based on this information, the eNB can allocate appropriate number of PRBs and adjust power control.

In Rel-8/9, the PHR is designed for only one CC, as there is only one uplink carrier available. Now in Carrier Aggregation, we have multiple CCs, so the Rel-8/9 PHR may be changed depending on the different reporting schemes.
This document discusses what should be considered in designing of PHR for CA.
2.
PHR for CA
2.1 Need for new PHR
Whether to introduce a new PHR mainly depends on whether a CC is allowed to contain PHRs for other CCs. This issue has been discussed in “2.4 On which resource to transmit PHR” of [1]. If RAN2 decides that the PHR is transmitted only on the CC it is reporting for, then there is no need to introduce a new PHR. However, if it is allowed to transmit PHR on any CC, then a new PHR should be introduced in order to identify which CC each PHR belongs to. 
Proposal1: A new PHR should be introduced if a CC is allowed to contain PHRs for other CCs
2.2 LCID for new PHR
It is possible to allocate one LCID value to PHR of each CC. As the number of configurable CC is up to 5, the same number of LCID values (including LCID for Rel-8/9 PHR) should be allocated for PHR. In this method, the CC the PHR belongs to is identified by LCID, so there is no need to identify CC within the PHR MAC CE. It means that the legacy PHR MAC CE format, i.e. [R, R, 6 bits PH], can still be used. However, obvious defect of this method is that it consumes many LCID values just for PHR purpose. Moreover, the mapping information between LCID and CC should be known to both UE and eNB.
Considering the limited LCID space, allocating one LCID value to PHR of each CC is not preferable. Thus, it is proposed to allocate one LCID value to a new PHR, say PHR-CA, and the PHR-CA contains PHRs of all CCs that should be reported. 
Proposal2: One LCID value is allocated to a new PHR, say PHR-CA, and the PHR-CA contains PHRs of all CCs that should be reported.
2.3 CC identification in a PHR-CA
CC may need to be identified in a PHR-CA. For CC identification, either CC index or Bitmap should be used.

Between two approaches, we think using CC index is not suitable for PHR-CA. If we use CC index, at least 3 bits are needed because the UE can have up to 5 CCs. Considering that PH field is 6 bits, CC index (3bits) + PH field (6bits) cannot be byte-aligned. Moreover, “Length” field is needed in order to indicate the number of PHRs in a PHR-CA (if the number of included PHR is not known to the eNB). 
Thus, we propose that Bitmap is used to indicate the CC the PHR belongs to. To cope with 5 CCs, the length of Bitmap should be (at least) 5bits. Each bit in the Bitmap corresponds to the UL CC, and a mapping rule should be defined between them. The PHR of a CC is included only when the corresponding bit is set to 1. Note that no “Length” field is needed because the number of included PHRs can be deduced by Bitmap field.
Proposal3: Bitmap is used for CC identification in a PHR-CA.

3.
PHR-CA format
Based on the above proposals, we propose the following format should be used for PHR-CA.
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[Fig.1] Proposed PHR format for CA

Proposal4: Agree on the PHR-CA format as shown in Fig.1.
4.
Proposal
This paper discusses details of PHR format that could be used for Carrier Aggregation. The followings are proposed:

Proposal1: A new PHR should be introduced if a CC is allowed to contain PHRs for other CCs
Proposal2: One LCID value is allocated to a new PHR, say PHR-CA, and the PHR-CA contains PHRs of all CCs that should be reported.

Proposal3: Bitmap is used for CC identification in a PHR-CA.

Proposal4: Agree on the PHR-CA format as shown in Fig.1.
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