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1. Introduction
NR supports both open loop and closed loop power control for UL. In this paper, we discuss the PHR triggering and cancellation mechanism in NR.
2. Discussion
Power Headroom Report (PHR) indicates how much transmission power left for a UE to use in addition to power being used by current transmission. This information is needed for packet scheduling and link adaption. Therefore, PHR should be triggered when the path loss has changed more than a configured threshold or the power control related parameters/configurations are reconfigured. Furthermore, a periodic triggering mechanism is needed to support PHR reporting if the time elapsed from previous power headroom report is more than a configured time duration. Therefore, the PHR triggering events for non-CA case used in LTE should be reused in NR.
In LTE, the power headroom is reported for each CC since there are independent PUSCH power control loops for each CC. The searate power headroom reports serve as an indication to the eNB of the power efficiency of each PUSCH transmission. In NR, PH for each CC should be supported, as in LTE. Therefore, triggers for PHR in for CA case used in LTE are also needed in NR.
Proposal 1: PHR triggers in LTE are reused in NR.

RAN1 agreed that NR supports DFT-S-OFDM based waveform and CP-OFDM waveform in the uplink [1]:
	· NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz


Also, RAN1 agreed that the network can reconfigure the uplink waveform of the UE [1]:

· Network can decide and communicate to the UE which one of CP-OFDM and DFT-S-OFDM based waveforms to use

It seems that the transmission power of the two uplink waveform is different, even same SCS is used and the same power spectral density is required. However, RAN1 also agreed that the network is aware of the power headroom differences between different waveforms. The differences can configured, specified or reported. Since the uplink waveform change is controlled by the network, the network can determine whether to apply the offset based on the waveform used by the UE currently [2]:
· gNB is aware of the power headroom differences for different waveforms, if the UE can be configured for both waveforms.
Therefore, we think no new PHR trigger is needed for UE configured for both waveforms.

Proposal 2: From RAN2 point of view, no new PHR trigger is needed for UE configured for both waveforms.
PHR is reported on carriers with PUSCH resource allocated. However, PH can be calculated for all active cells. In cases where PUSCH or PUCCH are not transmitted, PH is calculated based on the reference format that is known to both network and UE. This type of PH is called virtual PHR, meaning that the PH is calculated assuming virtual PUSCH or PUCCH transmission. The virtual PH is considered useful for the uplink scheduling, but with possible loss of precision and accuracy compared with real PH which is calculated based on actual PUSCH or PUCCH transmission.
In LTE, the timing between the PDCCH order and the actual PUSCH transmission is fixed. Therefore, the UE can determine whether there are UL resources allocation for other carriers if UL resources are allocated for some of the carriers for the same TTI.  Consequently, the UE can determine whether real or virtual PH should be calculated for each carriers, as illustrated in Figure 1.
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Figure 1 Power headroom reporting in LTE

In NR, the timing between the PDCCH order and the actual PUSCH transmission is not fixed due to different TTI length [3] and flexible timing configuration. The timing can be reduced to 0 in some cases when the self-contain subframe is used. The UE is not aware of the UL resource allocation for a specific TTI until the PUSCH transmission is performed, as illustrated in Figure 2. Therefore, to inform the latest and timely information to the network, the UE should not cancel the triggered PHR until actual uplink transmission of the PHR is performed.
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Figure 2 Power headroom reporting in NR

Proposal 3: All triggered PHR should not be cancelled until uplink transmission of the PHR is performed.
3. Conclusion
In this contribution, we give some considerations on PHR triggering and cancellation, and we have the following proposals:
Proposal 1: PHR triggers in LTE are reused in NR.

Proposal 2: From RAN2 point of view, no new PHR trigger is needed for UE configured for both waveforms.
Proposal 3: All triggered PHR should not be cancelled until uplink transmission of the PHR is performed.
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