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1
Introduction
With introduction of UL for LAA SCells, also the power head room reporting need to be revisited. In this contribution we discuss some issues related to PHR and make some proposals.
2
PHR sent over licensed serving cell
With carrier aggregation power headroom report (PHR) contains power headroom (PH) for each activated serving cell. If the serving cell is scheduled in the TTI, then PH value is based on a real transmission and PCMAX,c is also included. If the serving cell is not scheduled, then the PH value is based on a reference format (“virtual PH”) and PCMAX,c is not included.

With LAA, LBT is introduced for LAA SCells. Thus a scheduled UL transmission in LAA SCell may not happen in practice if LBT fails for that SCell. Then the question arises what to report in a PHR being sent via a licensed cell, say via PCell: should the PH value reported for the LAA SCell be based on a real transmission or a reference format. 
There are three options for a scheduled LAA SCell:

a) report always PH value based on a real transmission (regardless of the result of LBT)

b) report always PH value based on a reference format (regardless of the result of LBT)

c) report PH value either based on a real transmission or a reference format, depending on the result of LBT

In principle, if there is no transmission, the PH value should be based on a reference format. However, when MAC layer constructs the MAC PDU, it assumes that there is a transmission in LAA SCell and therefore, by default UE MAC should construct PHR with PH value which is based on a real transmission. Since LBT happens just before the transmission, there is in practice no time to make any changes to PHR based on the result of LBT. Furthermore, since the inclusion of PCMAX,c field in the PHR depends on the content of PH field, changing the PH value based on the LBT result would also change the size of the PHR and affect the amount of padding. Therefore, we propose:
Proposal 1: Power headroom reporting for a scheduled LAA SCell should not depend on the result of LBT.

Thus option c) is ruled out and only options a) and b) are left. The decision on PH value type has traditionally been RAN1 issue. Therefore, we propose:
Proposal 2: Ask RAN1 to decide whether PH value for a scheduled LAA SCell is based on a real/scheduled transmission or on a reference format (always regardless of the results of LBT).
Since eNB can detect whether UE transmitted or not, it is preferable that UE reports PH value based on a real transmission even if there is no transmission due to LBT failure. Thus eNB can have more information for future scheduling. This is also in line with the current spec where power scaling done just before transmission in the physical layer does not affect the PHR contents. Thus we have a slight preference for option a).
3
PHR and power re-scaling after LBT
In power limited cases UE may have to scale down the power of some of the carriers according to the rules defined in RAN1 [1]. If some of the UL transmission is not transmitted due to LBT failure, then the UE would have more power for the other carriers. Whether UE can re-scale the power in such case is partly an implementation issue, i.e., is there enough time after LBT result to make changes to the power scaling. As current power scaling does not affect PHR, we see it only natural that any possible re-calculation of power scaling factors based on LBT results does not affect PHR. 
Therefore, we propose:
Proposal 3: Inform RAN1 the RAN2 understanding that PHR is not affected by possible power re-scaling due to LBT.
4
Summary
Power headroom reporting is discussed and the following proposals are made.
Proposal 1: Power headroom reporting for a scheduled LAA SCell should not depend on the result of LBT.

Proposal 2: Ask RAN1 to decide whether PH value for a scheduled LAA SCell is based on a real/scheduled transmission or on a reference format (always regardless of the results of LBT).

Proposal 3: Inform RAN1 the RAN2 understanding that PHR is not affected by possible power re-scaling due to LBT.
An LS should be sent to RAN1 (and RAN4).
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