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1 Introduction
This paper discusses the format of the PCMAX,c report and its relations with the PHRs when it comes to the PHR MAC CE format. Possible optimizations related to the PCMAX,c reporting and overhead reduction are also discussed.
2 Discussion
2.1 Length of each PCMAX,c report 

In RAN1#62bis it was agreed [3] that the UE shall report a PCMAX,c report in addition to the per-CC PHR. RAN1 did not specify a range for the PCMAX,c report and this needs to be assumed by RAN2 in order to know how many bits it will require in order to decide on the MAC CE format in which it is to be reported. 
In Rel-8/9, the UE transmission power is configured using the parameter P-max (of type IE P-max, see [2]). This configured value (corresponds to PEMAX in 36.101 [1]) is used by the UE to calculate the range within which the UE sets its PCMAX. The highest value of the range for PCMAX,c is derived according to the following formula from 36.101 [1]:
-
PCMAX_H = MIN {PEMAX,  PPowerClass}   
In Rel-10 the UE is per CC configured with P-max-r10 (of type IE P-max, see [2]) . Since the power control is per CC in Rel-10, it is assumed that the formulas for calculating PCMAX in [1] will be updated to apply per CC in Rel-10. 

Assuming the above formula of PCMAX_H  per CC, this means that the highest possible value of PCMAX,c would be equal to PPowerClass. This means that for a typical UE PCMAX_H will not be above 23 dBm. However there may be some new power classes which are able to transmit with up to 27 dBm nominal power.
For the lowest possible value of the PCMAX,c, it seems from the power tolerance table in table 6.2.5-1 in [1], that the PCMAX could be as low as -40 dBm. 

Considering a minimum value of -40dBm, a maximum value of 27 dBm and a granularity of 1 dBm, this would mean that 68 code points are needed for reporting PCMAX,c . Hence it seems that a 7 bit PCMAX,c report per CC would be sufficient. 
Proposal 1 The PCMAX,c report shall be 7 bits long.
Since RAN4 are still discussing the MPR/A-MPR values and possibly new power classes, it seems we could leave the definition of which exact values the PCMAX,c could range between up to them, as long as it stays within 128 code points.

Proposal 2 Inform RAN4 that RAN2 are assuming that the PCMAX,c range is covered within 128 code points.
2.2 One or two MAC CE per TTI?
RAN1#62bis agreed that PCMAX,c is reported together will all per-CC PHRs and that they should be reported in a MAC CE. This could be interpreted as that they are reported either in the same Rel-10 PHR MAC CE as the PHRs or in the same TTI as the Rel-10 PHR MAC CE, but contained in their own MAC CE.
Since the PHR MAC CE has a certain priority in the logical channel prioritization procedure, this would for the latter interpretation mean that a new prioritization rule would need to be made between the PHR MAC CE and the new MAC CE containing the PCMAX,c reports. In most scenarios it is assumed that there will be sufficient space if the UE is configured with one or more SCells, but if there is a case when both a PHR MAC CE and the MAC CE contaning the PCMAX,c report would not fit, a rule would be needed to state if only the PHR MAC CE (assuming it has higher priority) is to be included while the PCMAX,c MAC CE is discarded or if both MAC CEs are delayed until the next TTI where they can both be included for transmission. 

The first of those options does not seem like desired behavior since it has been concluded that the PCMAX,c is needed together with the corresponding PHR in the eNB to make sufficiently correct estimations about the power headroom. That would leave the second option, in which case it would seem more straight forward to just include the PCMAX,c reports in the same MAC CE as the PHRs considering the fact that it would save 2 octets by not requiring separate MAC subheaders.
Proposal 3 The PCMAX,c reports shall be included in the same MAC CE as the power headroom reports.
2.3 PHR MAC CE Format

In RAN2#71 it was agreed that all power headroom reports reported in the same TTI should be included in the same PHR MAC CE. The two main options for the Rel-10 PHR MAC CE format as discussed in RAN2#71bis seems to be the following:

1) The order of the PHRs based on the Cell Index is used to indicate with which CC each PHR is associated with.
2) A bitmap of one octet based on the Cell Index is used to indicate with which CC each PHR is associated with. 

We think that there is potential for both these solutions to be extended to include also the PCMAX,c reports. Exactly how they should best be included is somewhat dependent on whether the associated PCMAX,c report is included for each reported PHR or if some optimizations are made. 
One of the main arguments for the bitmap solution in the last meeting was that apart from identifying the PHRs using the Cell Index, it would mean that no length field would be needed in the MAC subheader. However, in RAN2#71bis it was agreed that the Rel-10 PHR MAC CE should have a variable length indicated in an L-field of the MAC subheader and that this would be needed for both solution 1 and 2 listed above. 

This means that the only benefit of a bitmap solution would be to inform the eNB explicitly about which CC each reported PHR is associated with. Since the eNB will know which CCs are activated and also knows which unique Cell Index each CC has, it seems that ordering the PHRs based on Cell Index (starting with the lowest or highest value) would be sufficient for the eNB to identify which CC a given PHR belongs to. In either solution 1 or 2, the Type 2 PHR is placed before or after the Type 1 PHR reported for the PCell. We don’t see strong benefits of using a bitmap to identify the PHRs and would hence prefer not to unnecessarily add an extra octet to the PHR MAC CE structure.

Proposal 4 Ordering the power headroom reports based on Cell Index enables association of each PHR with a specific CC.

The most straight forward solution when it comes to simplicity for the MAC CE format would be to always include one PCMAX,c report for each reported PHR. Figure 1 shows an example of how this could be implemented in combination with solution 1 above. It would also work with solution 2 above, but this would require an extra octet for the bitmap to be placed before the Type 2 PHR. 
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Figure 1 - Examples of a PHR MAC CE including one PCMAX,c report per reported PHR
In the leftmost figure, the PCMAX,c reports would be appended after the PHRs in the same Cell Index order. In the rightmost figure, the PCMAX,c reports would be appended directly after the PHR associated with the PCMAX,c report. Since the eNB knows the number of PHRs to expect based on the number of activated CCs and also if it is to expect a Type 2 PHR or not, it would also know how many octets contains PHRs and how many contains PCMAX,c reports so there would not be any ambiguity. 
2.3.1 Possible optimizations to report only relevant PCMAX,c 
In RAN1#62bis some companies were concerned with the overhead of the PCMAX,c reports and suggested the following in their LS [3] 

· RAN2 can consider overhead reduction methods for the following cases:

· if PCMAX,c is the same for multiple CCs

· if PCMAX,c is the same for simultaneously-transmitted type 1 and type 2 PHRs
Regarding the first optimization, if many CCs are using the same PCMAX,c, this could in theory be a nice optimization. But when looking into how this would be realized in a PHR MAC CE it seems to in some cases actually give more overhead than what it reduces. Since each PCMAX,c report would need to be associated with one or more PHRs, or each PHR would need to be associated with a specific PCMAX,c report new identifiers would be needed
Since there can be up to six PHRs (one Type 1 PHR per CC plus one Type 2 PHR for the PCC) reported in the same TTI, there can also be up to six different PCMAX,c reports reported. This means that either each PHR needs to have an identifier of 3 bits associated with it (indicating the associated Pcmax,c report, up to 6 different), or each PCMAX,c report needs to be associated with a bit map of 6 bits where each bit indicates with which PHR reported in the same MAC CE that this PCMAX,c report is valid for. 
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Figure 2 - PHR MAC CE with same PCMAX,c report valid for multiple PHRs,  and PHR MAC CE with one PCMAX,c reported for each PHRs.
Since the common CA deployment for Rel-10 will most likely not contain more than up to 2 UL CCs, adding on extra bits in order to perform optimizations would seem rather contradictory as can seen in the example in Figure 2. Furthermore, with this method, in a worst case if each PCMAX,c is unique, we could end up with an extra 6 octets. 

Proposal 5 There shall be no optimization when PCMAX,c is the same for multiple CCs since the optimization itself seems to create extra overhead.

Regarding the second possible overhead reduction method in [3], since RAN4 has not yet decided on the MPR/A-MPR values and tables that should apply for Rel-10 it is not possible to know whether the PCMAX,c used for Type 1 and Type 2 PHR is always the same. Hence this optimization is not suitable at this point in time, but could be revisited once RAN4 has finished their work with 36.101.

Proposal 6 Whether to report separate PCMAX,c for the Type 1 and Type 2 PHR cannot be decide right now, but can be revisited later when RAN4 are done with their MPR/A-MPR definition for Rel-10.

In [4], RAN1 describes the reference format to be used for PUSCH and/or PUCCH when deriving the per-CC PHRs. In the reference format description it can be seen (both for the reference format PUCCH and the reference format PUSCH) that the MPR/A-MPR and the deltaTc are set to zero. Assuming that the formula for configured transmitted power in section 6.2.5 of [1] is applied per CC in Rel-10, it can be concluded that when an activated UL CC uses the reference format(s) to calculate the PHR, the associated PCMAX,c will be equal to MIN(PEMAX, PPowerClass). These values are known in the eNB and the PCMAX,c  could then easily be derived by the eNB. Hence the eNB would not really need to receive the associated PCMAX,c reports for a Type 1 PHR derived using the reference format PUSCH or for a Type 2 PHR derived using the reference format for PUCCH.
Proposal 7 When a PHR Type 1 is calculated using PUSCH reference format or a PHR Type 2 is calculated using PUCCH reference format, the corresponding PCMAX,c is not reported to the eNB. 

The optimization of excluding some PCMAX,c reports does not seem to have a negative impact on the size of the PHR MAC CE in case a byte aligned PHR MAC CE solution is assumed. One of the two R-bits present in each PHR octet could then be used to indicate if this PHR has a PCMAX,c associated with it or not. If the PHR’s R-bit indicates that there is an associated PCMAX,c report, the PCMAX,c report could either be included in the next octet following the PHR, or all PCMAX,c could be included after all PHR reports have been included, also ordered based on the Cell index. 
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Figure 3 - PHR MAC CE with R-bit indicating the presence of a PCMAX,c report.

This format of the PHR MAC CE would also work if we later on decide to exclude the PCMAX,c report for Type 2 PHR in case it is always the same as the PCMAX,c for the Type 1 PHR from the PCell.
Furthermore, the eNB would be able to use the indicator that a PCMAX,c report is present to know if a specific PHR is virtual or not. 
Based on the analysis made above, we think that not reporting PCMAX,c for the virtual PHRs would mean some overhead reduction while having a minor impact on the PHR MAC CE format.

Proposal 8 Report PHR and PCMAX,c using one of the PHR MAC CE formats in Figure 3.

Proposal 9 If proposal 8 is agreed, the R-bit indicating Pcmax,c can be used by the eNB to know if a specific PHR is virtual or not.

3 Summary
RAN2 are kindly asked to consider the following proposals:

Proposal 1
The PCMAX,c report shall be 7 bits long.
Proposal 2
Inform RAN4 that RAN2 are assuming that the PCMAX,c range is covered within 128 code points.
Proposal 3
The PCMAX,c reports shall be included in the same MAC CE as the power headroom reports.
Proposal 4
Ordering the power headroom reports based on Cell Index enables association of each PHR with a specific CC.
Proposal 5
There shall be no optimization when PCMAX,c is the same for multiple CCs since the optimization itself seems to create extra overhead.
Proposal 6
Whether to report separate PCMAX,c for the Type 1 and Type 2 PHR cannot be decide right now, but can be revisited later when RAN4 are done with their MPR/A-MPR definition for Rel-10.
Proposal 7
When a PHR Type 1 is calculated using PUSCH reference format or a PHR Type 2 is calculated using PUCCH reference format, the corresponding PCMAX,c is not reported to the eNB.
Proposal 8
Report PHR and PCMAX,c using one of the PHR MAC CE formats in Figure 3.
Proposal 9
If proposal 8 is agreed, the R-bit indicating Pcmax,c can be used by the eNB to know if a specific PHR is virtual or not.
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