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Introduction
In previous meetings, the following agreements were made on power control for NR UL MIMO [1][2][3].
Agreements:
· NR supports beam specific power control as baseline. Power control for UE side multiple panel transmission is supported.
Agreements:
· Support beam specific pathloss for ULPC
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 share our views on PHR for different waveforms and the necessity of beam or panel specific PHR.
Discussion
PHR for different waveforms
In NR, both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs, at least for eMBB uplink for up to 40GHz. It has been agreed gNB is aware of the power headroom differences for different waveforms, if the UE can be configured for both waveforms. 

[bookmark: OLE_LINK206][bookmark: OLE_LINK207]To achieve higher PA efficiency, it would be better to introduce different UL PC mechanisms for DFT-S-OFDM and CP-OFDM respectively because of the visible difference of CM between these two transmission waveforms. As CP-OFDM has higher PAPR than DFT-S-OFDM, to avoid the distortion of signal when UE transmits uplink signal using maximum power, the maximum transmission power should be back off compared with that of DFT-S-OFDM. Since the gNB is aware of the power headroom differences for different waveforms, for simplicity, the power offset  could be a specified value based on the difference of CM between CP-OFDM and DFT-S-OFDM. 

	




If UE calculates PHR based on the real transmission, the adjusted maximum power of (PCMAX,C - ) is used as the power ceiling. gNB knows well about the UE’s current waveform and the power offset between the two waveforms, it is not hard for gNB to derive the PHR for other waveform if needed. If asked to report PHR for both waveforms, UE can not get the real PHR for another waveform due to no real transmission of that waveform. What the UE could do is to apply a  to the PHR of the current real transmission which could be done by gNB as well.  If UE has other power limitation for different waveforms besides the specified power offset  which mainly reflects difference of CM between two waveforms, UE could report it to gNB to avoid double amount of PHR. 
In LTE, UE needs to calculate PHR when there is no real transmission, also referred as virtual PHR. Which waveform should be assumed to calculate virtual PHR should be specified. Options are as follows:
· Based on Default waveform
If UE is configured with a default waveform for virtual PHR report, the virtual PHR should be calculated with assumption of this default waveform. For instance, DFT-S-OFDM could be seen as a default waveform due to robust. 
· Based on the waveform of the previous transmission 
UE tends to keep its waveform for a long period, unless special event triggers to change to another. As long as both gNB and UE assume the same waveform at the same time, there is no ambiguity. 
Proposal 1: both real and virtual PHR should be calculated and reported based on single waveform, FFS on which waveform, e.g. default waveform or the waveform of the previous transmission.
Beam specific and panel specific PHR
NR supports beam specific power control as baseline. Power control for UE side multiple panel transmission is supported.
Beam specific power control is supported in NR as baseline, so some open loop and closed loop parameters could be beam specific. PHR is not a direct parameter for UL power calculation but has influence on gNB when it decides TPC command which may be beam specific. From this perspective, beam specific PHR seems beneficial for accurate power control. If supporting beam specific PHR, the PCMAX should be set per beam which implies multiple beams can not share transmit power, or at least can not fully share transmit power, and that is unrealistic. Therefore, PHR should not be beam specific.
Considering panel specific PHR, whether PCMAX can be set for multiple panels independently is a key factor to decide whether to support panel specific PHR or not. Panel specific PHR could also be realised as beam group specific PHR. Then the number of beam group for PHR depends on how many independent PCMAX for all beams.
Proposal 2: Beam specific PHR is unrealistic, beam group specific PHY could be considered.
Conclusion
From the above discussion, we have the following proposals:
Proposal 1: both real and virtual PHR should be calculated and reported based on single waveform, FFS on which waveform, e.g. default waveform or the waveform of the previous transmission.
Proposal 2: Beam specific PHR is unrealistic, beam group specific PHY could be considered.
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