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1 Introduction

This contribution discusses remaining issues for power headroom reporting for NR, more specifically the aspects related to beamforming.
2 Beam-specific power control
NR supports beam-specific power control. The detailed mechanism has been discussed for several meetings in RAN1. For the purpose of this discussion, we consider the following agreement from RAN1#90bis:
	Support the following PUSCH power control in NR:
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· For the pathloss measurement RS indication.
· k is indicated by beam indication for PUSCH (if present) 
· A linkage between PUSCH beam indication and k which is index of downlink RS resource for PL measurement is pre-configured via high layer signal
· Only one value k is RRC configured in UE specific way if PUSCH beam indication is not present 
· Value of P_0 is composed by cell specific component and UE specific component
· At least three cell specific component values of P_0 can be configured
· alpha is 1 by default before UE specific configuration
· Candidate values are the same as in LTE
· j can be configured for the following aspects
· grant-based PUSCH, grant-free PUSCH and PUSCH for msg 3
· PUSCH beam indication (if present) for grant-based PUSCH

· FFS: logical channel of PUSCH
· slot sets (if supported)

· Working assumption: for two uplinks of SUL band combination

· If N=2 (number of closed loop process) is configured for UE, l can be configured for the following aspects 
· PUSCH beam indication (if present) for grant-based PUSCH

· slot sets (if supported)

· grant-free PUSCH and grant based PUSCH 
· FFS: logical channel(s) carried by PUSCH
· Working assumption: for two uplinks of SUL band combination

· FFS: whether delta_TF takes into account received SNR target difference between DFT-s-OFDM and CP-OFDM or not.
· Capturing the agreement in the NR specification is up to the editor


From this agreement, beam-specific power control is supported by independent RRC configuration of power control parameters and resources, including a set of downlink RS resources for PL measurements. Dynamic switching between beams with different power control settings is supported by a beam indication which enables selection of the appropriate RS for PL measurement and of the closed loop process. Typically, a downlink RS resource for PL measurement should be associated to a specific TRP. The possibility of configuring more than one downlink RS resource for PL measurements therefore supports transmission of UL beams directed to different TRP’s.
3 Impact on power headroom reporting
As explained in the above, the different UL beams 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, using different sets of reference signal as path loss reference. When “accumulated TPC commands” is configured each beam can also maintain its own accumulated TPC value. Because of these factors, power headroom has a dependency on the UL beam. The term “configured UL beam” here refers to the set of beams that can be indicated by the “beam indication for PUSCH” or equivalent (e.g. UL TCI state, if defined by RAN1).
Proposal 1: At least one power headroom is defined for every configured UL beam.
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 2:  Inclusion of power headroom of each configured UL beam in a report is supported.
4 Conclusion

This contribution discussed power headroom reporting functionality for NR. The following proposals are made:
Proposal 1: At least one power headroom is defined for every configured UL beam.

Proposal 2:  Inclusion of power headroom of each configured UL beam pair in a report is supported.
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