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1 Introduction

During the NR SI, agreements were reached with respect to UL power control [1]. Some of these agreements have consequences on the power headroom reporting (PHR) functionality. This contribution discusses these impacts and provides some proposals to start the progress on this aspect.
2 Power control agreements
Agreements already reached for power control are captured in section 8.2.3 of [1].
	For NR-PUSCH at least targeting eMBB, both open-loop and closed-loop power controls are supported. Open-loop based on pathloss estimate is supported where pathloss measurement for UL power control is to be based on at least one type of DL RS for beam measurement. Note that beam measurement RS includes CSI-RS, RS defined for mobility purpose. The same gNB antenna port can be used for pathloss measurement for multiple processes.
Fractional power control is supported. Closed-loop power control is based on NW signaling. Dynamic UL-power adjustment is considered. 

Separate power control process can be supported for transmission of different channel/RS (i.e., PUSCH, PUCCH, SRS). 
NR supports beam specific power control as baseline. Power control for UE side multiple panel transmission is supported. 


In addition, some items were identified as FFS during the study phase. Such items include for instance numerology-specific power control, waveform-specific power control, power control for grant free PUSCH (if supported).
3 Power headroom per beam pair
In LTE, power headroom is defined for each serving cell for a given subframe. Type 1 is used to represent a transmission over PUSCH only, while Type 2 is used to represent a transmission over PUCCH and PUSCH. Power headroom is determined based on the power requirement of actual transmission(s) of PUCCH and/or PUSCH in the subframe if such transmission(s) took place. The power headroom can be interpreted as the difference (in dB) between the configured maximum power PCMAX,c(i) of serving cell c and the transmission power determined for PUCCH and/or PUSCH before capping with the configured maximum power. A power headroom report is triggered by events such as: change of path loss above a threshold (if prohibit timer has expired), expiration of periodic PHR timer, reconfiguration of PHR functionality by higher layers, activation of an SCell with configured uplink, or change of required power backoff due to power management. 
For NR, power headroom reports are expected to be useful for UL scheduling in the same way as LTE. In addition, since simultaneous PUCCH-PUSCH is agreed to be supported for NR both Type 1 and Type 2 should be supported.

Proposal 1: Power headroom Type 1 is supported in NR.

Proposal 2: Power headroom Type 2 is supported in NR.

Most (or all) of the triggers defined for LTE are also expected to be relevant for NR. (Note that the possible introduction of SCell activation/deactivation functionality in NR has not yet been discussed.)
Proposal 3: Support at least the following triggers for PHR: expiration of periodic timer, reconfiguration by higher layers, change of path loss above a threshold (if prohibit timer has expired), change of required power backoff due to power management (if prohibit timer has expired).

In case the UE is configured with multiple serving cells, at least one power headroom should be defined for each serving cell similar to LTE.
Proposal 4: At least one power headroom is defined for every serving cell.

For NR, RAN1 has also agreed to support beam-specific power control as a baseline. Such beam-specific power control can be supported by independent RRC configuration of power control parameters and resources (including DL RS for path loss estimation). A UE can maintain multiple Tx beams (precoders), each corresponding to an UL beam pair link, to enable fast switching between beams for robustness against blocking. 

The different UL beam pair links can be associated to the same or to different TRP’s, and may be subject to considerably different amount of blocking if sufficiently separated in the spatial domain. Accordingly, a separate path loss estimate should be maintained for each UL beam pair link. It is also likely that each Tx beam be subject to different power backoffs due to power management, although this aspect should be further discussed in RAN4. Because of these factors, power headroom has a dependency on the UL beam pair link.
Proposal 5: At least one power headroom is defined for every UL beam pair.
4 Conclusion

This contribution discussed power headroom reporting functionality for NR. The following proposals are made:
Proposal 1: Power headroom Type 1 is supported in NR.

Proposal 2: Power headroom Type 2 is supported in NR.

Proposal 3: Support at least the following triggers for PHR: expiration of periodic timer, reconfiguration by higher layers, change of path loss above a threshold (if prohibit timer has expired), change of required power backoff due to power management (if prohibit timer has expired).

Proposal 4: At least one power headroom is defined for every serving cell.

Proposal 5: At least one power headroom is defined for every UL beam pair.
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