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1. Introduction
In the last RAN1 meeting, following agreements were made on UL power control [1][2][3]:
	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
Agreements:
· From RAN1 perspective, it is feasible to have power sharing mechanism for LTE-NR dual connectivity at least for <6GHz
· FFS: power sharing mechanism
· RAN1 will continue discussing the power sharing mechanism, including potential RAN1 specification impact 
· Applicability of power sharing mechanism for NR in particular bands, e.g., greater than 24GHz, should be discussed in RAN4
· Send back a LS to RAN4 with the above statements – Ryosuke (DCM)
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
Agreements:
· In NR, PUSCH and at least some type(s) of SRS can share same closed loop power control command from gNB
· FFS details, e.g., the type(s) of SRS, beam related aspects, etc.
· In NR, PUSCH and PUCCH rely on independent closed loop power control commands from gNB
· Study aspects related SRS carrier switching
Agreements:
· UE’s power headroom report is based on the corresponding PUSCH transmission(s)
· FFS details


In this contribution, we discuss consideration points on UL power headroom report for NR, based on the above agreements.
2. UL power headroom report for NR
As in type 1 power headroom report in LTE [3], it seems necessary UE reports power headroom for PUSCH corresponding to a time slot in a carrier via MAC CE in UL-SCH in NR since gNB should be able to schedule PUSCH with an appropriate MCS considering each UE’s power headroom status. 
Also, it should be necessary UE reports power headroom corresponding to a time slot in a carrier where the UE transmits PUSCH and PUCCH simultaneously as in type 2 power headroom report in LTE [3], so that gNB can estimate UE’s power headroom for PUCCH transmission as well as UE’s capability of maximum power transmission for the different combinations of PUCCH and PUSCH.
Furthermore, in NR, UE can transmit multiple short PUCCH formats in TDM manner in a slot according to the agreement in RAN1#88bis [1] as follows.
	Agreements:
· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.
· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.
· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH
· FFS: other multiplexing scheme(s) between the two NR-PUCCHs
· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs)


Following the agreement above, UE’s PUSCH transmission in a slot may overlap in a same symbol(s) (in FDM manner) with different PUCCH formats, that is, ‘PUCCH format A’ and ‘PUCCH format B’ in different symbols as depicted in figure 1(a). Furthermore, UE’s PUSCH and PUCCH may be transmitted in different symbols (in TDM manner) in a same slot as depicted in figure 1(b). Therefore, it should be discussed further how to report power headroom in these cases.
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(a) FDM case                      (b) TDM case
Figure 1. Transmission of PUSCH and PUCCH in a slot
In case of FDM of multiple PUCCH formats and PUSCH in a slot, the following approaches can be considered for the power headroom report.
· UE reports multiple type 2 PHRs for all the combinations of PUSCH and PUCCH formats in a slot
· UE reports a single type 2 PHR based on a selected/reference (given by a rule) PUCCH format
In case of TDM of PUCCH and PUSCH in a slot, the following approaches can be considered for the power headroom report.
· UE reports type 1 PHR for PUSCH and new type of PHR (PH calculation based on PUCCH transmission only) for the PUCCH
· [bookmark: _GoBack]UE reports type 1 PHR for PUSCH and type 2 PHR for the PUCCH (following the LTE PHR calculation in case of no PUSCH transmission)
Proposal 1.	In NR, power headroom report for PUSCH transmission in a slot (as in type 1 PHR in LTE) is supported.
Proposal 2.	In NR, power headroom report for the simultaneous transmission of PUSCH and PUCCH (as in type 2 PHR in LTE) in a slot is supported.
Proposal 3.	It should be discussed further how to support power headroom report for the cases of various combinations of PUSCH and PUCCH transmissions in a slot, including the following cases:
· FDM of multiple PUCCH formats and PUSCH in a same slot
· TDM of PUCCH and PUSCH in a same slot
In NR, both SC-FDM waveform and OFDM waveform are supported for PUSCH transmission. If one of the waveforms is configured for PUSCH transmission for a UE by RRC signaling, UE’s power headroom report can be based on the configured waveform. This is well in line with the agreement in last meeting, as quoted below:
· UE’s power headroom report is based on the corresponding PUSCH transmission(s)
· FFS details 
On the other hand, if waveform for PUSCH transmission for a UE can switch dynamically by, for example, UL scheduling grant, gNB may have to anticipate the available power headroom of the UE depending on the PUSCH waveform. For this purpose, the following enhancements may be considered.
· UE reports PHR for both waveforms in some instances (not need to be included in every PHR instance)
· UE reports its MPR offset between two waveforms as UE capability
· MPR offset between two waveforms is defined in the NR specifications
Proposal 4.	If dynamic switching of PUSCH waveform is introduced, enhancements to improve the gNB’s knowlege on the UE’s PHR for different PUSCH waveforms can be considered. .
Also, it should be considered further if any differentiation depending on the assigned bandwidth part in a system bandwidth is necessary in power headroom report (including maximum transmit power limitation) for a UE.
3. Conclusion
In this contribution, we discussed several consideration points on UL power control for NR. The proposals of this paper can be summarized as below.
Proposal 1.	In NR, power headroom report for PUSCH transmission in a slot (as in type 1 PHR in LTE) is supported.
Proposal 2.	In NR, power headroom report for the simultaneous transmission of PUSCH and PUCCH (as in type 2 PHR in LTE) in a slot is supported.
Proposal 3.	It should be discussed further how to support power headroom report for the cases of various combinations of PUSCH and PUCCH transmissions in a slot, including the following cases:
· FDM of multiple PUCCH formats and PUSCH in a same slot
· TDM of PUCCH and PUSCH in a same slot
Proposal 4.	If dynamic switching of PUSCH waveform is introduced, enhancements to improve the gNB’s knowlege on the UE’s PHR for different PUSCH waveforms can be considered. 
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