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1 Introduction

This contribution discusses power headroom reporting for NR. The revisions from last meeting address the Type 3 report, updates related to SCell activation and PSCell addition, supported MAC CE, and additional discussions related to PHR per beam.
2 Power control agreements
Agreements already reached for power control are captured in section 8.2.3 of [1] and minutes of RAN1#88bis, RAN1#89, RAN1#AH_NR2, RAN1#90 and RAN1#AH_NR3 meetings.
	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. 


	RAN1#88bis

•
For beam specific power control, NR defines beam specific open & closed loop parameters. 

–
FFS: details on beam common parameter(s)

–
Note: Agreed on RAN1 #88 FFS details on “beam specific”, especially regarding handling layer/layer-group/panel specific/beam group specific/beam pair link specific power control

•
gNB is aware of the power headroom differences for different waveforms, if the UE can be configured for both waveforms.

–
FFS: offset configured/specified, reported, 

–
FFS on the details of power control parameters for example, P_c, Max or other open/closed loop parameter

RAN1#89

•
Support beam specific pathloss for ULPC

RAN1#NR_AH2

•
UE’s power headroom report is based on the corresponding PUSCH transmission(s)

–
FFS details
RAN1#90

· For open-loop power control parameters for PUSCH for a UE, 

· gNB configures one or multiple P0 values 

· e.g., for specific combination(s) of one or more beam(s), waveform (if agreed) and service type (if agreed)

· gNB can configure one or multiple alpha values

· FFS the case of closed-loop power control 

· FFS how to handle reconfiguration of open-loop power control parameters for PUSCH for a UE, e.g., reset or not reset closed-loop power control
· PL calculation can be based on periodic CSI-RS if configured at least for the following cases:

· PUSCH

· SRS 

· PUCCH 
· It is up to RAN4 to discuss how to support any power back-off needed for CP-OFDM transmission compared with DFT-S-OFDM transmission

· E.g., specification of fixed power back-off, specification of power back-off as MPR
RAN1#NR_AH3
For PL estimation, NR supports

· At least higher layer filtered RSRP is supported for PL estimation based on configured CSI-RS and/or SS block

· Note: Above includes the support for at least beam-specific RSRP measurement

· FFS: Whether L1 RSRP is additionally supported

· Note: Companies are encouraged to study the benefits of additionally using L1 RSRP for PL estimation

· FFS: Details on the L3 filter in NR specification (including whether to define or not) should be discussed in the mobility session
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· Support at least  Pcmax,c(i), MPUSCH,c(i), P0,c(j), αc(j), PLc(k), ΔTF,c(i) for NR PUSCH power control for serving cell c
· i is slot number

· j  is the index of open-loop parameter

· K is the index of RS resource(s) for pathloss measurement

· FFS: exact Pcmax,c(i) definition and notation for above 6 GHz

· MPUSCH,c is related to the scheduled BW, FFS on the details

· ΔTF,c is for single layer transmissions

· Support up to N closed-loop power control processes, i.e.,  fc(i,l), for NR PUSCH power control for serving cell c 

· N=2 is working assumption

· l is the index of closed-loop power control process

· FFS: reset trigger, e.g., parameter set reconfiguration and/or explicit signaling

· FFS: linkage and indication of {j, k, l}, explicit/implicit signalling

· Note: Exact way to capture the details of the above proposal depends on the uplink beam management and the editor

· For PRACH/PUSCH/SRS on an SUL carrier associated with a NR DL/UL carrier, the range of the following values shall be sufficiently large to compensate the pathloss difference between the SUL carrier and the NR DL/UL carrier

· Received target power for PRACH power control,

· Po for PUCCH(if supported on SUL) power control, PUSCH power control, and SRS power control

· FFS maximum pathloss difference to be compensated

· For NR-PUSCH

· Accumulative TPC command mode is supported.

· FFS: when UE has to reset fc(i)

· FFS on KPUSCH
Working Assumption:

· For NR-PUSCH

· Absolute TPC command mode is supported.

· FFS on KPUSCH



3 Power headroom types
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. Type 3 was introduced in R14 as part of the SRS carrier switching feature to support carriers where only SRS is transmitted.
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 at least Type 1 and Type 2 should be supported. Type 3 may be useful if a large number of TDD carriers can be aggregated in NR. However, at this point it is unclear if such feature would be required for the first release of NR.
Proposal 1: Power headroom Type 1 is supported in NR.

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

The triggers defined for LTE are also expected to be relevant for NR.
Proposal 3: Support at least the following triggers for PHR (similar to LTE): 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), activation of an SCell and addition of the PSCell.

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: As in LTE, at least one power headroom is defined for every serving cell.
Similar to LTE, when carrier aggregation or dual connectivity is configured it is beneficial that the power headroom report contains the power headroom values and configured maximum power Pcmax,c of each serving cell. This is supported by defining extended PHR MAC CE and dual connectivity PHR MAC CE on top of the PHR MAC CE usable for single carrier operation.

Proposal 5: As in LTE, support at least PHR MAC CE, extended PHR MAC CE and dual connectivity PHR MAC CE.
For NR, RAN1 has also agreed to support beam-specific power control. Such beam-specific power control can be supported by independent RRC configuration of power control parameters and resources. 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, using different sets of reference signal as path loss reference. When accumulated TPC commands is configured each beam pair should maintain its own accumulated TPC value. Because of these factors, power headroom has a dependency on the UL beam pair link.
Proposal 6: At least one power headroom is defined for every UL beam pair.
In [2], it was proposed that the UE reports power headroom only for the beam used for PUSCH to minimize overhead. On the other hand, reporting power headroom for each beam has the benefit of providing information on whether a change of beam would be beneficial. Typically, one would expect that a limited number of UL beam pairs is configured such that the increase of payload can be kept at a reasonable level. Furthermore, there may be fewer PHR triggered from path loss changes if a separate reference measurement is maintained for each PHR, compared to the case where a single reference measurement is used across beams. For these reasons, we think that the possibility of reporting PHR for multiple beams in a single report should be supported.
Proposal 7:  Inclusion of power headroom of each configured UL beam pair in a report is supported.
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 (similar to LTE): 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), activation of an SCell and addition of the PSCell.

Proposal 4: As in LTE, at least one power headroom is defined for every serving cell.
Proposal 5: As in LTE, support at least PHR MAC CE, extended PHR MAC CE and dual connectivity PHR MAC CE.

Proposal 6: At least one power headroom is defined for every UL beam pair.

Proposal 7:  Inclusion of power headroom of each configured UL beam pair in a report is supported.
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