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1 Introduction

In RAN1#59bis it was agreed that power headroom is in LTE-Advanced reported per CC. During RAN2#69bis and RAN2#70 the impacts of carrier aggregation to the PHR reporting procedure were discussed. This contribution discusses the necessity of a UE specific power headroom report. 
2 Discussion
In Rel-10 within the scope of carrier aggregation there are two maximum power limits, a maximum total UE transmit power and a CC-specific maximum transmit power. RAN4 already indicated in [2] that both maximum power per UE and the maximum CC-specific transmit power from EMC perspective should be the same regardless of the number of carriers supported. RAN1 agreed at the RAN1#60bis meeting [1] following two types of the per-CC power headroom report:

· Type 1 power headroom report computed as: P_cmax,c minus PUSCH power

· Type 2 power headroom report computed as: P_cmax,c minus PUCCH power minus PUSCH power

It was further decided that the PHR accounts for the maximum power reduction (MPR) and additional MPR (A-MPR) as P_cmax, c is the value after these are taken into account. Therefore, P_cmax,c is different depending on UE implementation.
MPR denotes how much UE is allowed to reduce the maximum transmission power. It used to control out of band emission with the various modulation schemes and the transmission bandwidth. Different to Rel-8/9 for LTE-A, the UE has also to cope with simultaneous PUSCH-PUCCH transmission, multi-cluster scheduling, and simultaneous transmission on multiple CCs, which requires larger MPR values and also causes a larger variation of the applied MPR values compared to Rel-8/9. A-MPR is the abbreviation of additional Maximum Power Reduction. This value is used when the network indicates that the UE shall also meet additional requirements in a specific deployment scenario. Throughout the document, we don't particularly distinguish between MPR and A-MPR for simplicity reasons. 
It should be noted that it is not mandatory for UE to reduce its maximum transmission power by the MPR value, i.e. the actual power reduction can be less than or equal to the MPR value. For example depending on the characteristics of the RF component w.r.t. linearity a UE might have less power reduction than MPR. The exact power reduction is UE implementation dependent and is not known by the network. It also depends on the used modulation scheme, the resource allocation size, simultaneous transmissions on other CCs and the resource position of the transmission on other CCs. 
Since eNB is not aware of the power reduction applied by the UE, it doesn’t know the CC-specific maximum transmission power P_cmax,c relative to which the UE calculates the PHR. Therefore, PHR should inform the available power situation of the corresponding component carrier but the current situation of the standard is not sufficient, i.e. eNB is not able to know available power situation, path loss situation and power control error situation simultaneously. 
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Figure 1 UE power situation

Figure 1 illustrates the behaviour. For UL CC#1 the PUSCH/PUCCH transmission power according to the power control formula is shown by the blue + red part. On the other hand due to power limitation, i.e. UE is exceeding the total UE maximum transmission power, power scaling is applied and the actual transmission power on CC#1 is only the blue part. Currently the exact definition of the CC-specific PHR is not clear. As shown in the figure 1 there are two interpretations possible. According to the first definition the CC specific PHR doesn’t consider potential simultaneous transmissions on the other UL CCs, e.g. power scaling is not accounted for in PHR calculation. According to definition 2 as shown in the figure the CC specific PHR considers transmissions on other UL CCs in the reference TTI. A PHR according to the first definition allows eNB to know the path loss situation and the power control error situation but does not show the available power. The second definition allows eNB to know the available power but doesn’t provide information in the path loss situation and power control error situation. However this aspect of the definition should be concluded by RAN1. 

In general power scaling should be a rather exceptional case. Therefore it is actually important to design the power headroom reporting procedure such that those situations as illustrated in the figure are reduced in addition to efficient power resource management by knowing path loss situation and power control error situation. In other words eNB should have sufficient information in order to avoid such situations as much as possible. Therefore, something to indicate the available power for a UE is necessary. Such method may be UE specific power headroom report.
In general we think that this topic, in particular the exact definition of the CC specific PHR lies more in the expertise of RAN1/RAN4 and should be therefore better discussed in these working groups. However on the other hand we got the impression that RAN1 does not further work on PHR aspects except when requested by RAN2 as indicated in [2]. So we propose to ask RAN1 to clarify these areas.
3 Conclusions
This contribution discusses power headroom reporting for carrier aggregation. In particular the necessity to indicate UEs total power status was discussed. Furthermore the lack of exact definition of a CC specific PHR is addressed. A UE specific power headroom reporting may be one solution but all the details are not yet so clear. Therefore we propose to send a LS to RAN1 in order to clarify those issues. 
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