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Introduction
Power control (PC) framework for NR, particularly beam-specific PC, has been a focus topic in the past few RAN1 meetings, and several agreements have been reached, which are listed in the Appendix.
In this contribution, we provide our views on different aspects of beam-specific power control, in particular, configuration of closed-loop PC (CL-PC) and its associated transmit power control (TPC) command; configured maximum output power Pcmax for UE with multiple transmission panels; and power headroom report (PHR).
Closed-Loop Power Control
Closed-loop power control (CL-PC) is the dynamic component of the UL power control framework which can adjust and adapt around the open-loop operating point to compensate for the small-scale time-varying power changes due to UL interference variations at the gNB as well as fine tune the power setting to match the channel (e.g.,the small-scale fading variations). In LTE, CL-PC is mainly based on a transmission power control (TPC) command configured by the eNB in an absolute or accumulated form across subframes. In the following, we discuss related CL-PC procedures for a multi-beam wireless system in NR. 
The main goal of the CL-PC is fine-track the signal and interference variations so that a certain target SINR is achieved for the UE. The appropriate CL adjustment to achieve the target SINR is dictated by the slope of the BLER curve as that SINR point. Therefore, if different target SINR values, e.g., for different services, are considered, and therefore different open-loop PC parameters (namely, P0, alpha) are configured for the UE, then the step size for (accumulated or absolute) TPC command should be adjusted accordingly.
Proposal 1: Configurable step size for TPC command to support different open-loop PC parameter settings, e.g., for different services.
An open topic of discussion is the number of closed-loop PC processes and how the open-loop PC and closed-loop PC are linked, which was also left as FFS in the previous meeting. As the CL-PC helps to adapts to UL interference at gNB, for a given gNB Rx beam, the same power control (open-loop and closed-loop) should be used irrespective of the UE Tx beam used (including UE beam selection/change which may or may not be transparent to the gNB). 
Proposal 2: For a given gNB Rx beam, the same open-loop and closed-loop PC should be used irrespective of the UE Tx beam used (including UE beam selection/change). 
For a gNB with multiple beams pointing to significantly different spatial directions such as with multiple TRP antenna panels, a separate closed-loop power control process may be configured for UL beams associated with such gNB beams due to potential differences in UL interference levels. The same closed-loop PC may be used for all gNB Rx beams of the same TRP panel. An example of linking OL-PC and CL-PC for a multi-service is shown in Figure 1.  
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Figure 1: The linkage of OL and CL-PC parameters.
Proposal 3: Support separate closed-loop PC for case of gNB with multiple beams pointing to significantly different spatial directions such as with multiple TRP antenna panels. 
Power Headroom Report (PHR)
A UE sends power headroom report (PHR) to the gNB to aid the gNB scheduler to allocate appropriate frequency resources to an UL transmission from the UE. The PHR provides the power headroom (PH) or the gap between the current required power level for the UL transmission to the UE configured maximum output power, Pcmax. 
In LTE, power control was defined assuming omin-directional antennas at the UE. In NR, multi-beam and multi-panel antenna arrays are considered at the UE (and the gNB). A UE can transmit to gNB using one of the multiple antenna panels at the UE, with each antenna panel having possibly a different number of antenna elements.
For a gNB beam, the UE may form a beam from the multiple possible beams from an antenna panel. Due to UE rotation, a beam from another antenna panel may become more suitable for the same gNB beam. Such UE beam change across antenna panels/arrays with different number of antenna elements, can result in different values of configured maximum output power (Pcmax) as Pcmax (defined in terms of the total radiated power  (TRP) or the effective isotropic radiated power (EIRP)) is dependent on the number of antenna elements within the transmitting antenna array/panel. As the gNB is not aware UE beam change, the power headroom at the UE will vary due to antenna array/panel change, resulting in different understanding between the gNB and UE of the available PH.  To prevent such misunderstandings, it may be beneficial for the UE to report the Pcmax value used to compute the PH in the PHR when the UE supports multiple antenna arrays/panels. Such reporting of Pcmax can avoid confusion between the gNB and UE on whether a change in PH is due to Pcmax changes or due to other power setting differences, e.g., biased estimation of pathloss at UE, etc. This is, similar to the case of LTE CA where the UE reports, in addition to the PH value, also the corresponding PCMAX for serving cell. 
Observation: The configured maximum output power (Pcmax) is dependent on the number of antenna elements within the transmitting antenna array/panel.
Proposal 4: Support reporting of Pcmax value used to compute the PH in the PHR when the UE supports multiple antenna arrays/panels. This can avoid UE-gNB confusion when UE transparently changes its UL transmission panel. 
In LTE, virtual PHR, i.e., PHR with respect to a reference format is defined in certain scenarios when there is no real UL transmission on the physical channel (e.g., simultaneous PUSCH-PUCCH transmission, LTE CA). 
For NR, it is beneficial to trigger a PHR upon addition of a new gNB beam to the set of existing active beams for a UE thereby providing the network with an estimate of the PH corresponding to the newly added gNB beam. As there is no UL transmission corresponding to the newly added beam, the UE reports a virtual PH (assuming a reference format for UL transmission). Similarly, it may be beneficial to also consider supporting aperiodic triggering of a virtual PHR from a set of non-current transmission beams to support the possibility of scheduling a non-current beam for UL transmission in upcoming slots. 
Proposal 5: Support triggering a PHR upon addition of a new gNB beam to the set of existing active beams. The PHR is for an UL beam associated with the newly added gNB beam.  
Conclusion
In this contribution, we discuss views on different aspects of beam-specific power control, and propose the followings for UL power control framework:
Proposal 1: Configurable step size for TPC command to support different open-loop PC parameter settings, e.g., for different services.
Proposal 2: For a given gNB Rx beam, the same open-loop and closed-loop PC should be used irrespective of the UE Tx beam used (including UE beam selection/change). 
Proposal 3: Support separate closed-loop PC for case of gNB with multiple beams pointing to significantly different spatial directions such as with multiple TRP antenna panels.
Proposal 4: Support reporting of Pcmax value used to compute the PH in the PHR when the UE supports multiple antenna arrays/panels. This can avoid UE-gNB confusion when UE transparently changes its UL transmission panel. 
Proposal 5: Support triggering a PHR upon addition of a new gNB beam to the set of existing active beams. The PHR is for an UL beam associated with the newly added gNB beam.  
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Appendix - RAN1 power control related agreements
Agreements regarding PUSCH power control
Agreements from RAN1 #88-Bis ‎ [1]:

· 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

Agreements from RAN1 #89 [2]:

· Support beam specific pathloss for ULPC


Agreements from RAN1 #90 [4]:
· 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


Agreements from RAN1 NR AH#3 [5]:


· 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 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


Agreements regarding Pcmax and PHR

Agreements from RAN1 #88-Bis [1]:

· 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
Agreements from RAN1 NR AH#2 [3]:

· UE’s power headroom report is based on the corresponding PUSCH transmission(s)
· FFS details


Agreements from RAN1 #90 [4]:

· 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
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