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1. Introduction
In the last RAN1 meeting, following agreements are made on UL power control [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


In this contribution, we discuss several consideration points on UL power control for NR, based on the above agreements.
2. UL power control for UL physical channels/signals
In NR, UL power control mechanism for PUSCH, PUCCH and SRS should be designed where the UL power control mechanism at least includes closed loop power control, open loop power control and power head room report. Especially in NR, various types of PUCCH formats may have to be considered since NR may support various PUCCH symbol lengths and various PUCCH structures serving various environments and purposes.
2.1. Closed loop power control
In the same motivation with LTE, PUSCH and SRS for UL CSI acquisition can share same closed loop power control command from gNB, noting that in current MIMO discussion, ‘SRS for UL CSI acquisition’ means normal SRS to support UL scheduling as in LTE while ‘SRS for beam management’ may mean special SRS to support multi-beam operation.
In the same motivation with LTE, closed loop power control for PUSCH(/SRS) and PUCCH may rely on independent power control commands from gNB.
On the other hand, it is yet unclear if a same closed loop power control command can be shared by all the different PUCCH formats in NR. For example, range of supportable payload sizes and range of required SNR for a given target BLER of short PUCCH may be quite different from those of long PUCCH in NR. Therefore analysis based on exact PUCCH format design should be necessary before decide on it.
Proposal 1.	In NR, PUSCH and SRS for UL CSI acquisition share same closed loop power control command from gNB. 
Proposal 2.	In NR, PUSCH(/SRS) and PUCCH rely on independent closed loop power control commands from gNB. 
Proposal 3.	It should be discussed further whether all the different PUCCH formats in NR can share a same closed loop power control command from gNB or not. 
2.2. Open loop power control
In the same motivation with LTE, full path loss compensation can be applied to PUCCH in NR.
As for the open loop power control for PUSCH in LTE [2], both full path loss compensation and fractional path loss compensation are supported by configuring different  values. In addition, UL-SCH code rate dependent power adjustment can be enabled/disabled by setting  value. Full path-loss compensation and code rate dependent power adjustment for UL data are considerable mainly for the case where limitation to the UL scheduling flexibility is stringent. Since NR system is mainly targeting very flexible frequency resource utilization, it should be discussed further if full path loss compensation or code rate dependent power adjustment for PUSCH as in LTE is necessary in NR.
Proposal 4.	Full path loss compensation applies to PUCCH in NR. 
Proposal 5.	Fractional path loss compensation applies to PUSCH in NR. It should be discussed further whether full path loss compensation and/or code rate dependent power adjustment for PUSCH should be introduced or not.
2.3. Power head room report
As in LTE, it seems necessary UE reports power head room corresponding to a time slot in a carrier via MAC CE in UL-SCH, especially for PUSCH since gNB should be able to schedule PUSCH with an appropriate MCS considering each UE’s power headroom status.
Regarding PHR for PUCCH in NR, it should be discussed further if PHR for PUCCH should be reported separately from PHR for PUSCH or UE should report PHR for combinations of PUCCH and PUSCH. Moreover, depending on the further decisions on PUCCH transmission in NR, PHR support of potential combinations of PUSCH/PUCCH transmission should be considered further, which may include the cases of:
· PUSCH transmission in a slot overlapping with transmissions of short PUCCH formats in different symbols
· simultaneous transmission of multiple PUCCH formats in a same symbol
Proposal 6.	In NR, UE can report PHR for PUSCH. 
Proposal 7.	It should be discussed further how to support PHR for PUCCH. 
[bookmark: _GoBack]Proposal 8.	It should be discussed further how to support PHR for the potential combinations of simultaneous transmissions of PUSCH and single or multiple PUCCHs of a UE in a same slot. 
3. UL power control for different PUSCH waveforms
In NR, both SC-FDM waveform and OFDM waveform are supported for PUSCH transmission. If PUSCH waveform for a UE is configured by RRC signaling, power control parameters for each waveform can be also configured by the same RRC signaling. On the other hand, if PUSCH waveform for a UE can be indicated dynamically, it should be discussed whether a same closed/open loop power control parameters can be shared between the two PUSCH waveforms or not. In general, same closed loop power control command may be shared between two waveforms if required power offset between to waveforms to achieve a same target BLER is constant or derivable by scheduled MCS.
PHR of a PUSCH waveform may be obtained by an offset to the PHR of the other PUSCH waveform. Depending on the RAN4 discussion, the PHR (or power back off) offset value between SC-FDM PUSCH and OFDM PUSCH may be calculated by gNB side or may be reported by UE, where the PHR offset may not need to be reported every PHR report instance.
In general, impact of different waveform PUSCHs to the UL power control should be discussed based on the more detailed decisions on how to configure/schedule different waveform PUSCHs for a UE.
4. 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, PUSCH and SRS for UL CSI acquisition share same closed loop power control command from gNB.
Proposal 2.	In NR, PUSCH(/SRS) and PUCCH rely on independent closed loop power control commands from gNB.
Proposal 3.	It should be discussed further whether all the different PUCCH formats in NR can share a same closed loop power control command from gNB or not.
Proposal 4.	Full path loss compensation applies to PUCCH in NR.
Proposal 5.	Fractional path loss compensation applies to PUSCH in NR. It should be discussed further whether full path loss compensation and/or code rate dependent power adjustment for PUSCH should be introduced or not.
Proposal 6.	In NR, UE can report PHR for PUSCH.
Proposal 7.	It should be discussed further how to support PHR for PUCCH.
Proposal 8.	It should be discussed further how to support PHR for the potential combinations of simultaneous transmissions of PUSCH and single or multiple PUCCHs of a UE in a same slot.
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