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Introduction
In RAN1#88bis, it was agreed to support beam specific open/closed loop parameters [1].
	Agreements:
· 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 


However, what parameter should be supported for NR and which parameter should be specific or common in beam specific power control have not been clarified yet. Therefore, in this contribution we discuss them further.
Discussion
PUSCH Power Control Formula
	Agreements:
· For NR-PUSCH at least targeting eMBB,
· Open-loop power control based on pathloss estimate is supported.
· Pathloss is estimated using DL RS for measurement
· Fractional power control  is supported
· FFS: Which DL RS(s) for measurement is used (The RS may be beamformed).
· Closed-loop power control is supported, which is based on NW signaling.
· Dynamic UL-power adjustment is considered


First of all, we discuss general power control framework on top of beam specific power control. Although, RAN1 agreed to support open-loop and closed-loop power control at least for eMBB [2], power control formula hasn’t been defined yet. According to the agreement, at least Pcmax,c(i), MPUSCH,c(i), P0_PUSCH,c(j), αc(j), fc(i) should be supported, because they are supported for LTE open/closed power control. 
Proposal 1: At least Pcmax,c(i), MPUSCH,c(i), P0_PUSCH,c(j), αc(j),  fc(i) should be supported for NR power control formula.
NR UL supports CP-OFDM and DFT-S-OFDM, which have different PAPR properties. Maximum power reduction (MPR) should be considered for Pcmax,c calculation of each waveform. It should be discussed in RAN4.
Proposal 2: Waveform specific Pcmax,c should be discussed in RAN4.
Furthermore, NR supports multiple numerologies. Different subcarrier spacing causes power density change. In order to compensate the power density change due to the different sub-barrier spacing, a scaling factor δSCS,c(j) should be used. Reflecting the above points, NR PUSCH transmission power formula is described as followed:


Proposal 3: Support scaling factor δSCS,c(j) in order to compensate power density change due to different subcarrier spacing.
 Beam/waveform/numerology specific power control framework
Next, we discuss which parameter should be specific or common in beam specific control. In RAN1#89, beam specific path loss was supported [3].
	Agreements:
· Support beam specific pathloss for ULPC
Agreements:
· The following DL RS can be used for PL calculation for UL PC 
· If the power offset between SSS and DM-RS for PBCH is known by the UE, both SSS and DM-RS for PBCH of SS block
· If the power offset between SSS and DM-RS for PBCH is not known by the UE, SSS only of SS block
· CSI-RS;
· FFS: the applicable case for above DL RSs; if both are used, whether/how to combine/handle the measurement


When calculating transmission power for a specific beam or beam pair, beam specific path loss is used, while other parameters can be used in common among different beams. For further optimization, some parameters, e.g., P0_PUSCH,c(j) and αc(j), can be changed when Tx beam is changed, since beam gain and target SINR can be different for different beams. 
Such different target SINR would be applicable to power control for different waveforms and for different service types, e.g., eMBB and URLLC, as well. Hence, RAN1 should have unified framework for handling different beams/waveforms/service types in power control using the formula proposed in subsection 2.1. To enable this, it should be supported for gNB to configure multiple open-loop power control parameter sets, including {P0_PUSCH,c(j), αc(j)}, for specific combinations of beam, waveform and service type. The power control parameter set and the combination of beam/waveform/service type are linked by power control ID. An example is shown in Fig. 1. When closed-loop is common among the power control IDs, a TPC command is applied to all IDs. In order to reduce signalling overhead as much as possible, some parameters can be implicitly configured, e.g., defined as default parameter in the spec. Parameter sets should be switched dynamically, if beam/waveform/service type are switched dynamically. 
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Figure 1: Power control parameter set configuration with common closed-loop
If independent closed-loop is supported, TPC command can be signalled for each power control ID, as shown in Fig. 2. For distributed TRPs, independent closed-loop will be needed, e.g., beam {#0, #1} and {#2, #3} are directed to TRP-A and TRP-B respectively.
[image: ]
Figure 2: Power control parameter set configuration with independent closed-loops
Proposal 4: Support unified framework for handling different beams/waveforms/service types in power control.
Proposal 5: Support gNB to configure a power control parameter set, including {P0_PUSCH,c(j), αc(j)}, for a specific combination of beam, waveform and service type with power control ID.
· FFS: Independent closed-power control per power control ID
Conclusion
In this contribution we discussed power control framework for PUSCH transmission. Our proposals are as followed:
Proposal 1: At least Pcmax,c(i), MPUSCH,c(i), P0_PUSCH,c(j), αc(j),  fc(i) should be supported for NR power control formula.
Proposal 2: Waveform specific Pcmax,c should be discussed in RAN4.
Proposal 3: Support scaling factor δSCS,c(j) in order to compensate power density change due to different subcarrier spacing.
Proposal 4: Support unified framework for handling different beams/waveforms/service types in power control.
Proposal 5: Support gNB to configure a power control parameter set, including {P0_PUSCH,c(j), αc(j)}, for a specific combination of beam, waveform and service type with power control ID.
· FFS: Independent closed-power control per power control ID
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