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Introduction
In RAN2#70bis, following agreement with respect to uplink power headroom reporting was made:

· When PHR report is triggered, PHR is reported for all configured component carriers

·  
FFS if further restricted by UL CC activation
· FFS how we define a virtual/ref format
In this contribution we discuss how a power headroom report is calculated for a UL CC where no UL resources have been allocated in the reference TTI.
Discussion
In Rel-8/9 a PHR can only be reported in a TTI where the UE has available PUSCH resources since the power headroom is calculated as the difference between the UE maximum transmit power and the estimated power for UL-SCH transmission. Due to the RAN2#70bis agreement, to report always a PHR for all configured UL component carrier once PHR is triggered, PHR calculation needs to be also defined for a UL CC which has no UL resources allocated in the reference TTI, also referred to as virtual PHR in the following. Basically three different approaches for the determination of a virtual PHR can be considered:

· Approach 1:
Virtual Power headroom is calculated by using the last UL resource assignment on the reference UL CC

· Approach 2:
Virtual power headroom is calculated by using the UL resource assignment of the UL CC where PHR MAC CE is transmitted on

· Approach 3:
Virtual power headroom is calculated by using a reference PUSCH format defined in specifications.
In approach 1, UE uses the last scheduled UL resource assignment on the reference UL CC, i.e. the UL CC for which a PHR is calculated, in order to determine the power headroom. Essentially UE applies the last UL grant for the calculation of the estimated PUSCH power according to the power control formula. It should be noted that with this approach the UE is required to store each received respectively for the case of SPS configured UL grant for all configured UL CCs which increases the UE complexity. Furthermore a falsely received or missed UL grant may cause a misunderstanding between eNB and UE w.r.t to UEs power situation, i.e. UE and eNB have a different understanding of the UL grant used for the calculation of the virtual PHR.
In the approach 2, UE uses the UL grant of the UL CC where the virtual PHR is transmitted on for calculating the power headroom on the reference UL CC. For example, in case a “virtual” PHR for UL CC2, i.e. there is no UL resource allocation on UL CC2, is transmitted on UL CC1, the UE uses the UL grant on UL CC1 in order to calculate the PHR for UL CC2. It’s evident that this approach increases the interaction between the different UL CCs which in turn comes at the expense of an increased complexity. Furthermore it should be noted that this approach has also some drawbacks from UE implementation point of view. Essentially for the calculation of a virtual PHR, UE already needs to know on which UL CC the PHR MAC CE is transmitted on. However since MAC CE to TB mapping is done at MAC layer during LCP procedure and power headroom calucation is performed in PHY this method puts some certain requirements respectivley restrictions to the implementation.
In the third method UE calculates a virtual power headroom by using a predefined reference PUSCH format. Essentially UE determines the estimated power for UL-SCH transmission on the concerned UL CC according to the reference PUSCH format, e.g. reference UL grant, and calculates the power headroom following the Rel-8 principle, i.e. difference between the UL CC specific maximum transmission power and the virtual estimated power for UL-SCH transmission. This would be the same principle as the by RAN1 agreed reference PUCCH format for the case where a type 2 PHR is derived for subframes where PUCCH is not actually transmitted [1].

Considering the drawbacks of the first two approaches mentioned above, using a reference PUSCH format for the calculation of a virtual PHR is the most appealing solution. The additional standardization effort to define the reference PUSCH format in RAN1 specifications is low as discussed below.  
Proposal1: A reference PUSCH format should be specified by RAN1 which is used to calculate a PHR for a UL CC which has no actual available PUSCH resource in the reference TTI.
Definition of a reference PUSCH format for the calculation of a virtual PHR
Even though it’s RAN1 responsibility to define the PUSCH reference format, we present in the following our view on the definition of a virtual PHR in order emphasize on the need for a virtual PHR.

One important purpose of the power headroom reporting procedure is to provide eNB sufficient information in order to be able to evaluate whether future resource allocations will exceed the power limit of an UE. 
According to the power control formula for PUSCH transmissions the required transmission power is basically comprised of a resource assignment related part (e.g. number of RBs) and a non-resource assignment related part (path loss and TPC status). In order to be able to estimate whether a resource assignment exceeds UE’s total power limit, eNB needs to know the non-resource assignment related power part, which is also referred to as base power in the following. The knowledge of the base power for non-scheduled UL CCs is required for the scheduling of future transmissions, i.e. eNB can decide based on base power knowledge whether to use an non-scheduled UL CC for future UL transmissions and also schedule more accurately future UL transmissions on this carrier. Therefore, we think it is essential to inform non-assignment related part of the power control, i.e. base power, for a non-scheduled UL CC. 
This information is provided by means of a virtual PHR. Note that for a scheduled CC, with eNB's knowledge of the resource assignment, eNB can estimate the base power based on a normal received PHR. We assume that in order to estimate the base power of an UL CC, the power reduction (MPR/A-MPR) applied to a CC shall not consider simultaneous transmissions on other CCs, i.e. power reduction is calculated separately for each carrier.
Furthermore the base power knowledge for both scheduled and non-scheduled UL CCs is not only used by eNB for the estimation whether future resource assignments exceed the UE total power limit but also help eNB to detect and avoid power spectrum density imbalances among aggregated UL CCs. eNB should avoid resource assignments resulting in large power spectrum density differences among CCs as discussed in RAN4, since it could lead to unwanted emissions. Therefore a virtual PHR is also essential for the avoidance of future resource assignments causing large power spectrum density differences among the aggregated CCs.
In order to be able to retrieve the base power for a non-scheduled UL CC, the reference PUSCH format for the calculation of a virtual PHR should be defined like the following:
· The number of resource blocks should be set to 1, from which it follows that 10log(M_PUSCH) is equal to 0dB
· ΔTF is set to zero dB
Hence a virtual PHR is calculated according to the following formula:

· 
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Values for the path loss (PL), received TPC commands f(i) and other CC specific constants (PO_PUSCH(j),α) are available for the UL CC, even without UL data transmission. 
In order to be able to calculate the base power of an carrier based on a received virtual PHR, the value of Pcmax,c used for the calculation of the virtual PHR should be known by eNB. Since we assume that the power reduction and hence maximum transmission power of an UL CC shall be calculated separately without consideration of simultaneous transmissions on other UL CCs as mentioned before, it would be straight forward to set Pcmax,c to Pcmax_H, i.e. considering no power reduction (MPR/A-MPR), for the calculation of a virtual PHR. 
Proposal

This contribution discusses various methods for the calculation of a virtual PHR, i.e. PHR for a UL CC which has no UL resource allocation in the reference TTI. It’s proposed to agree on the following:

Proposal 1: A reference PUSCH format should be specified by RAN1 which is used to calculate a PHR for a UL CC which has no available PUSCH resource in the reference TTI
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