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1
Introduction
The baseline for the power headroom report (PHR) for carrier aggregation was agreed in RAN1 [1]. Some issues regarding the PHR were raised in the previous RAN4 meeting in [2], and in one LS from RAN2 [3]. In this contribution we further discuss these issues with an emphasis on the possible errors generated by MPR values. A companion contribution providing a draft reply LS to [3] can be found in [4].
2 Discussion
2.1 
Transmit power estimation

In [1], the agreed baseline for the PHR to be used with carrier aggregation is briefly described. Two types of PHR are to be used depending on whether a UE has simultaneous PUCCH and PUSCH transmission or just PUSCH transmission scheduled. The PHR is to be sent for each CC and takes MPR (and A-MPR) into account.

In Rel. 10, due to the introduction of simultaneous PUSCH/PUCCH transmission and carrier aggregation, high MPR and A-MPR are likely to be defined. The amount of MPR (and A-MPR) needed could vary significantly depending on the PUSCH/PUCCH location and the number of carriers used for transmission. Since the PHR includes MPR, some discrepancies in the actual power reduction used and the one assumed by the eNB might appear. In this case, the eNB would not be able to accurately estimate the total transmit power available at the UE. This, in turn, could lead to degraded system performance. Next we analyze this problem in more detail and present some solutions.
The power headroom report per CC taking into account the transmit power on that component carrier (CC) is defined (in linear domain) as
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where Pcmax,c is the maximum configured power per carrier and xi is the UE’s transmit power on the ith CC. 
The absolute power headroom available for scheduling at eNB can be calculated (in linear domain) as
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where Δmpr is the ratio between MPR at the UE and the MPR assumed at the eNB. Since the eNB would by default assume that the UE used the maximum allowed power reduction, the estimated transmit power is smaller than the actual transmit power of the UE.
The above analysis assumes that the power headroom is computed relative to the maximum power per carrier, Pcmax,c . Even if the power headroom is computed relative to the overall transmit power the same problem will arise. 

If the eNB always assumes that the UE uses the maximum allowed reduction (MPR+A-MPR), it would underestimate the UE’s total transmit power. If the UE employs the maximum allowed reduction then there won’t be any discrepancy between the UE and the eNB.
PHR is used by the eNB for scheduling purposes and path loss estimation. From a scheduling point of view, two distinct cases can be thought of. The eNB could keep the same allocation for the UE or it could grant the UE a different allocation. If the same allocation is kept, then the eNB would know the exact power headroom and be able to increase the power without any problems. This is shown below.

At the eNB PHRs form different CCs can be considered in a relative manner. The percentage of the power utilized by the ith CC is
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The utilized percentage of the total power is
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If the available total power (before MPR) is the same as Pcmax,c then the leftover percentage for the power increase for the new assignment is
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As can be seen, if the eNB keeps the same allocation (MPR+A-MPR doesn’t change) then it can accurately estimate how much the power can be increased. 

It was shown above that if the same allocation is maintained, the eNB can estimate how much the UE transmit power can be increased. However, if the allocation is changed there could be a discrepancy between the transmit power estimated by the eNB and the actual UE transmit power. This discrepancy occurs when the UE uses a power reduction that is smaller than the allowed maximum power reduction. The magnitude of the problem will depend on the power reduction difference.
If this discrepancy were to be eliminated, the UE would have to send an “absolute” power report (total transmit power) or it would have to report the actual power reduction used. Note that these solutions might not mitigate the problem entirely. When the eNB changes the allocation, it still would not know the actual power reduction used by the UE for the new allocation unless it builds a table with the values based on the reports received by the UE. 

2.2 
UE PA Capabilities

For Rel. 10, some UE categories will have multiple transmit chains to support UL MIMO or carrier aggregation. Depending on the configuration, even though the total maximum Tx power will be the same (23 dBm), the maximum power per Tx chain might be different (e.g. 2Tx chains, 23dBm+23dBm or 2Tx chains, 20dBm+20dBm or 2Tx chains, 23dBm+20dBm). If this kind of configurations are allowed, the eNB will not be able to compute the actual power headroom from the PHRs unless a per UE PHR is defined. Even if some kind of “absolute” PHR is defined, the eNB would still not be able to estimate the power headroom unless the absolute value of Pcmax,c is explicitly signalled. There might be a need to define some UE capabilities to indicate the actual PA configuration.
2.3 
PHR Triggers
In Rel. 8, PHR is triggered when the path loss changes more than a certain threshold. In Rel. 10, as discussed above, the MPR could vary significantly and introduce large changes in the transmit power. Furthermore, the MPR could change due to coexistence issues. For Rel. 10, it should be considered to also trigger the PHR based on the changes in MPR.
These coexistence issues could be determined by a need to reduce interference to other RATs (e.g. ISM) or the transmit power being reduced when the UE is simultaneously transmitting on multiple RATs (e.g. simultaneous data transmission on LTE and voice on 3G). In the case of transmission on mulitple RATs the maximum power might be dictated by some SAR requirements that the UE has to meet. For this case the power headroom could be defined to take into account the power used for transmissions on other RATs.
3 Conclusion 
In this document we analyzed several aspects of the PHR for Rel. 10 and pointed out some possible problems that can arise. We showed that a discrepancy between the actual transmit power at the UE and the estimated power at the eNB occurs if the UE employs a power reduction smaller than the MPR+A-MPR.  However, as long as the eNB only requires knowledge of available headroom for power increase, not the current absolute transmit power, the discrepancy does not have an adverse effect. 
Furthermore, we showed that in the case of different PA configuration, eNB should be aware of the absolute value of Pcmax,c. 
For the PHR triggers, we think triggering the PHR based on MPR changes should be considered. The PHR could be defined to take into account the power used for transmissions on other RATs.
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