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1. Introduction
It has been agreed in the recent meetings that power headroom is reported on a per-CC basis, and 2 types of power headroom are defined by RAN1 [1]:
-  Type 1 power headroom report is computed as: P_cmax,c minus PUSCH power

-  Type 2 power headroom report is computed as: P_cmax,c minus PUCCH power minus PUSCH power
Regarding the design principles of PHR MAC CE, the following agreements were reached in RAN2#71:

1) Will only have 1 PHR MAC CE transmitted by a UE in a TTI. FFS if this is new MAC CE or redefinition of Rel89 codepoint.
2) 
This MAC CE can be included in any TB.
3) 
The network will not be able to exclude certain CC's from PHR reporting/triggering.
Based on the these agreements, this paper gives further analysis on PHR reporting and discusses the design of PHR MAC CE.
2. Discussion
2.1 Introduction of new LCID(s)
The requirements of new LCID for identification of new PHR MAC CE can be analyzed from two aspects.

At first, the definition of PHR type 2 and simultaneous transmission of Type 1 and Type 2 PHR is allowed for Pcell in CA case, this means that there will be needs to identify between the PHR with R8/9 content and the PHR with new content which includes both Type 1 and Type 2 power headroom. New LCID is needed anyway from this point of view.

Secondly, combined report of power headroom for Pcell and Scell(s) in one subframe is supported in Release 10, and given the agreement that “Will only have 1 PHR MAC CE transmitted by a UE in a TTI” which was just agreed at last meeting, there have to be a new format of PHR MAC CE to hold the power headroom information of all the Pcell/Scells that need to be reported. New LCID is anyway needed for this reason as well.
From the above analysis, it is obvious that new LCID is needed for Carrier Aggregation.

Proposal 1: New LCID is introduced for PHR MAC CE of Carrier Aggregation.
2.2 Type 1 and Type 2 PHR

Regarding Type 1 and Type 2 PHR for Pcell and Scell, the following agreements were reached at RAN2#70bis:

1) For Scell PHR we only use Type 1 PHR.

    2) For Pcell:
-  If parallel PUCCH&PUSCH allocation is not supported (FFS if this case exists):
-  Type 1 PHR is used for Pcell and Scell, i.e., PHR is the same as in Rel-8/9.

-  If parallel PUCCH&PUSCH allocation is supported, if there is PUCCH and PUSCH transmission on the Pcell in this TTI:

-  Pcell transmits Type1 and Type2 PHR together.
The main concern is whether PHR MAC CE needs to be adapted between the cases with both combined Type 1/2 transmission and single Type 1 transmission. The single transmission of PHR Type 1, if allowed, is for the case when PUSCH transmission is absent in the TTI with PHR reporting, the open issue now is whether PUSCH reference format is defined for PUSCH. Since it has already been agreed that PUCCH format 1a shall be used as PUCCH reference format in case PUCCH is not transmitted in Pcell in a TTI, it does not add too much complexity to define a PUSCH reference format for the case that PUSCH is not actually transmitted in a TTI, as discussed in [2]. 
With the reference PUCCH and PUSCH format, it is easy for UE and eNB to communicate actual power headroom. Moreover, since it is simpler from standard point of view to define a single format of PHR MAC CE for carrier aggregation, the choice of presence of either PHR type should be avoided, so it is suggested to always include both Type 1 and Type 2 PHR of Pcell in a PHR MAC CE. This also implies that only one new LCID is needed for Carrier Aggregation.

Proposal 2: For Pcell, PHR MAC CE should always include both Type 1 and Type 2 PHR.
3. Design of PHR MAC CE

The structure of PHR MAC Control Element and corresponding R/R/E/LCID sub-header in Release 8/9 is shown in Figure 1 below:
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Figure 1: R/R/E/LCID sub-header and PHR MAC CE in R8/9
Where R is the reserved bit and PH is the field indicating power headroom level.
Reference [3] summarized 5 alternatives of PHR MAC CE format as listed below:
·   Alternative 1: 1 byte sub-header + PHs

·   Alternative 2: 2 byte sub-header + PHs

·   Alternative 3: 1 or 2 byte sub-header + PHs (including BITMAP)
·   Alternative 4: Each PHs has its own sub-header
·   Alternative 5: PHR for PCell and PHR for SCell

Alternative 4 and 5 have been elimitated according to the agrement “Will only have 1 PHR MAC CE transmitted by a UE in a TTI” reached in RAN2#71. Then Alternative 1, 2 and 3 are shown in the following figures.
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Figure 2: Format alternative 1
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Figure 3: Format alternative 2
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Figure 4: Format alternative 3

The drawback of  Alternative 1 is obvious if it is decided that only power headroom of activated CCs need to be reported, the placeholders for deactivated CCs have to be included at any time in this MAC CE with fixed size, considerable wastage of radio resource is introduced.
For Alternative 2, although it is more efficient to preclude some deactivated CCs, but this is only the case when the CCs with higher CC index is deactivated. If CCs with lower index is deactivated, the placeholder for them have to be included as well. This alternative can also be excluded.
Among the 3 alternatives, Alternative 3 is the most optimized option because of its utilization of BITMAP, and the BITMAP is attractive because of its simplity and easy extension in the future.

Proposal 3: Use BITMAP in the PHR MAC CE to indicate whether PHR of a particular CC is included.
With Alternative 3, however, there still exists more opportunities to optimize:
Optimization 1:
Alternative 3 selected the R/R/E/LCID/F/L MAC subheader, the Length field is not necessary because the BITMAP in PHR MAC CE can implicitly indicate the number of bytes for this MAC CE, so the legacy R/R/E/LCID subheader is enough to indicate the PHR MAC CE.
Proposal 4: R/R/E/LCID MAC subheader is used to indicate the PHR MAC CE for Carrier Aggregation.
Optimization 2:
The BITMAP in Alternative 3 is intended to indicate only the presence of PHR for actiaved CCs. However, with CC activation/deactivation operation in PHY/MAC, it is possible for the UE and eNB to have diferent understanding of the status of a particular CC in some cases, e.g., in the case of implicit deactivation and during the transient period. The impact of this type of discrepancy is not acceptable because it will cause wrong understanding of PHR for at least one cell. To avoid this potential issue, it is suggested that the BITMAP indicates the presence of PHR for all the configured cells, i.e., configured DL CCs. This will bring extra benefits with very low cost.
Proposal 5: The presence of PHR for all the configured cells is indicated in the BITMAP.

With above optimizations, it is suggested to adopt the format of PHR MAC CE as shown in Figure 5:
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Figure 5: Optimized Format of PHR MAC CE
Proposal 6: Adopt the format of PHR MAC CE as shown in Figure 5.
4. Conclusion
This contribution discusses the issues related to the design of PHR MAC CE format and gives an optimized format of PHR MAC CE for Carrier Aggregation, the proposals are summarized as below:
Proposal 1: New LCID is introduced for PHR MAC CE of Carrier Aggregation.

Proposal 2: For Pcell, PHR MAC CE should always include both Type 1 and Type 2 PHR.
Proposal 3: Use BITMAP in the PHR MAC CE to indicate whether PHR of a particular CC is included.

Proposal 4: R/R/E/LCID MAC subheader is used to indicate the PHR MAC CE for Carrier Aggregation.

Proposal 5: The presence of PHR for all the configured cells is indicated in the BITMAP.

Proposal 6: Adopt the format of PHR MAC CE as shown in Figure 5.
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