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1 Introduction
Power headroom reporting for UEs configured with carrier aggregation (CA) was specified in Release 10. If a UE is configured for CA, when PHR is triggered (on any one activatated cell, due to periodic PHR timer expiry, due to activation of an SCell, or P_MPR change), the UE transmits a PHR that includes power headroom for each of the activated cells. The power headrooms for all the cells are computed for the first subframe in which an UL grant on any of the serving cells is available after the PHR is triggered (this subframe is the reference subframe). 

Multi TA causes UL subframes on different carriers to be misaligned in relation to one another. So a subframe on one activated carrier can overlap two subframes of another activated carrier. In this contribution we analyze how this impacts the power headroom computation and reporting.
2 Discussion

Multi-TA can cause one activated cell to have a significantly different timing advance compared to another activated cell. For example, if the UE is receiving the primary carrier F1 directly from an eNB and a secondary carrier F2 from an RRH of the eNB, the timing advance used on the uplink of F2 is likely to be significantly larger than the timing advance used on the uplink of F1. As shown below, this leads to a subframe of F1 overlapping two subframes of F2. If a PHR is triggered for either F1 or F2, the UE transmits a PHR using the first available UL grant and the power headroom computation is based on the UL grant.
As shown below, if a PHR is triggered prior to subframe n and the UE has an UL grant on F1 in subframe n, the UE will compute power headroom for F1 and F2 based on subframe n. The power headroom for F1 is based on the UL grant in subframe n. If the UE does not have an UL grant for F2 in subframe n, it uses a virtual UL grant to compute the power headroom for F2. 
The power headroom computed for F2 does not take into account the portion of subframe n+1 of F2 that overlaps subframe n of F1. That is, the UE may be scheduled to transmit on F2 in subframe n+1, and the power headroom available after taking into account the power required for transmission in subframe n+1 on F2 would be lower than the reported power headroom. Thus the UE reports a more optimistic power headroom than it can actually comply with.
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In order to remedy this problem, the UE ideally needs to take take both subframes n and n+1 on F2 into account in computing the power headroom. That is, the UE would compute power headroom values for F2 based on both subframe n and subframe n+1, and report the lower value. However, since the UE becomes aware of the presence of an uplink grant for subframe n+1 later than the uplink grant for subframe n, the UE would have to delay the transmission of the PHR (to ensure that the UE processing time requirements are not changed relative to Release 10).
3 Summary
We have analyzed the impact of multiple timing advances on the power headroom computation and reporting. We find that due the uplink subframe misalignment that can result from multi-TA, the power headroom reported by the UE would be more optimistic than it can actually comply with. 

We suggest that RAN2 discuss the issue described above and agree on a solution.
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