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1   Introduction
In LTE, the Power Headroom reporting (PHR) procedure is used to provide the serving eNB with information about the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission per activated Serving Cell and also with information about the difference between the nominal UE maximum power and the estimated power for UL-SCH and PUCCH transmission on SpCell and PUCCH SCell. 
In NR, PHR should continue to be used to facilitate the gNB’s uplink scheduling. However, there will be some difference in NR PHR compared to LTE, by taking into account the potential different numerologies/TTI lengths on different CCs. In this document, we would like to discuss the PHR in CA by consideration of different numerologies/TTI lengths. 
2   Discussion
In LTE Carrier Aggregation (CA), PHRs for all activated serving cells are reported by extended PHR. The PH value is based either on an actual transmission (real PHR) or on a reference format when there is no actual transmission (virtual PHR). 

In legacy LTE, as the interval between the DCI reception with UL grant and the corresponding PUSCH transmission is fixed for all carriers, a UE knows whether or not any transmission is scheduled in the PHR reporting subframe on the activated serving cell when the UE calculates PHR. As the subframe length is the same for all carriers, the PHR reporting subframe for all CCs is aligned.
In NR with CA operations, there are some differences in PHR, including: 

· The slot length on different CCs could be different. 

· The interval between the DCI with UL grant and the scheduled UL transmission can be different on different cells. 

For example, the UE has a PHR triggered. Then the UE receives a UL grant on CC1 and is going to send the PHR on CC1. Later the UE receives another UL grant in on CC2 which schedules the UL transmission on CC2 which could be earlier than or overlapped with the scheduled UL resource on CC1. It should be discussed whether UE will send PHR report on CC1 or on CC2. 
As figure 1 shows below, the UL grant in slot 1 on CC1 schedules the UL transmission in slot 5 on CC1 and the UL grant in slot 3 on CC2 schedules the UL transmission in slot 7 on CC2. Slot 7 on CC2 is earlier than slot 5 on CC1.  
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Figure 1 PHR reporting in different TTI lengths
There could be the following options for PHR reporting in this case:

· Option 1a: the PHR is sent on the CC where the UL grant is received earlier. In this option, the PHR will be sent in slot 5 on CC1, which has the earlier UL grant. 
· Option 1b: the PHR is sent on the CC where the UL resource is scheduled earlier. In this option, since the UL resource on CC2 is earlier than the UL resource on CC1, the PHR will be sent in slot 7 on CC2. 
Option 1a is similar to the PHR handling in LTE. When the UE receives the UL grant on one CC, it may begin the LCP procedure immediately and construct the MAC PDU. This MAC PDU will leave room for the triggered PHR MAC CE. 
Proposal 1: In case there are multiple UL grants received, PHR is sent on earlier UL grant similar as in LTE. 
If option 1a is adopted, we should further discuss which slot is used to calculate PHR on the CC with shorter slot length when the PHR reporting slot on one CC corresponds to multiple slots on another CC. As figure 2 shows, the UL grant in slot 1 on CC1 schedules the UL transmission in slot 5 on CC1 and the UL grant in slot 5 on CC2 schedules the UL transmission in slot 9 on CC2. Slot 9 on CC2 is overlapped with slot 5 on CC1. 
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Figure 2 PHR reporting in different TTI lengths
In this case, we should specify which slot (i.e. slot 9 or slot 10) on CC2 is used to calculate PHR for CC2, as both slot 9 and slot 10 on CC2 are overlapped with slot 5 on CC1. In our opinion, the slot for PH calculation on CC2 could be predefined or configured by the network, e.g. it could be the first slot that overlapped with the PHR reporting slot, or the last slot that overlapped with the PHR reporting slot or certain reference slot(s). 
Proposal 2: When the PHR reporting slot on one CC is overlapped with multiple shorter slots on another CC, it is necessary to specify which shorter slot is used for PH calculation. 
3   Conclusion
In this document, we discussed the PHR reporting in NR CA operation. We have the following proposals: 
Proposal 1: In case there are multiple UL grants received, PHR is sent on earlier UL grant similar as in LTE. 
Proposal 2: When the PHR reporting slot on one CC is overlapped with multiple shorter slots on another CC, it is necessary to specify which shorter slot is used for PH calculation.
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