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Introduction
In Ran 1 86bis [1], it is agreed that both DFT-OFDM and CP-OFDM were mandatory for UEs, at least for eMBB uplink transmission. 
· NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz
· FFS additional low PAPR techniques 
· CP-OFDM waveform can be used for a single-stream and multi-stream (i.e. MIMO) transmissions, while DFT-S-OFDM based waveform is limited to a single stream transmissions (targeting for link budget limited cases)
· Network can decide and communicate to the UE which one of CP-OFDM and DFT-S-OFDM based waveforms to use
· Note: both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs

In RAN1 88 [2], the following has been agreed for UE UL power control
· NR supports beam specific power control as baseline.
· FFS details especially regarding handling layer/layer-group/panel specific/beam group specific/beam pair link specific power control
· FFS whether to apply open loop only, closed loop only, or both
· Waveform (CP-OFDM vs. DFT-s-OFDM) specific power control for a UE, e.g., PHR, offset needs to be studied in WI.

[bookmark: _GoBack]In RAN1 88bis [3], the following has been agreed for UE UL power control
· 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, waveform specific power control and power headroom report is discussed. 
[bookmark: _Ref473802466][bookmark: _Ref462669569]Waveform specific power control 
In NR, it is agreed that a UE needs to support two waveforms, CP-OFDM and DFT-S-OFDM, for UL transmission. The CP-OFDM waveform can be used for both single-stream and multi-stream UL transmission. DFT-S-OFDM waveform can be used to single-layer transmission only. Because DFT-S-OFDM has lower PAPR than CP-OFDM, DFT-S-OFDM can drive UE’s power amplifier to higher operation point than CP-OFDM, without creating Tx signal distortion issue. On the other hand, when using OFDM waveform, UE needs to back off the max Tx power a few dB (e.g. 2dB) to avoid the Tx signal distortion. Therefore, it is clear that waveform dependant power control is needed for CP-OFDM and DFT-S-OFDM waveform.
To apply waveform specific power control, there could be three options. The first option is apply two different closed-loops to CP-OFDM and DFT-S-OFDM waveform. This options allows UE has the flexibility to change power whenever it switch between CP-OFDM and DFT-S-OFDM waveform. But this options requires that eNB and UE maintain two separate power control loops which increases complexity. 
The second option is introducing a power back off applied to the max uplink transmission power for CP-OFDM waveform. In details, the second option is illustrated as following. 
For DFT-S-OFDM waveform, apply the following power control

 [dBm]
For CP-OFDM waveform, apply the following power control

 [dBm]






Where .  RRC signaling can either signal two values  and  specifically, or signal the offset  with or .

The third option is applying different power control reference point for CP-OFDM and DFT-S-OFDM respectively. In details, the third option is illustrated as following.
For DFT-S-OFDM waveform, apply the following power control

 [dBm]
For CP-OFDM waveform, apply the following power control

 [dBm]
Proposal 1: Support separate power control for DFT-S-OFDM and CP-OFDM waveform, with the following options or any combination of them
· Option 1: Use different power control loops for DFT-S-OFDM and CP-OFDM waveform
· Option 2: Ran 4 discuss use different max TX power for DFT-S-OFDM and CP-OFDM waveform
· 
Option 3: Use different power control reference point  for DFT-S-OFDM and CP-OFDM waveform
Power headroom report
[bookmark: _Ref463027406][bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]UE sends power headroom report to indicate eNB how much transmission power is left for the UE to use, in additional to the power being used by the current transmission. eNB uses the power headroom report to decide the uplink bandwidth allocation for UEs in future uplink transmission. Since separate power control is used for DFT-S-OFDM and CP-OFDM waveform, separate power headroom report is used for DFT-S-OFDM and CP-OFDM waveform respectively. 
Proposal 2: Support separate power headroom report for DFT-S-OFDM and CP-OFDM waveform.
[bookmark: _Ref465963195][bookmark: _Ref466040522]Conclusions
The following proposals are for uplink power control and power headroom report. 
Proposal 1: Support separate power control for DFT-S-OFDM and CP-OFDM waveform, with the following options or any combination of them
· Option 1: Use different power control loops for DFT-S-OFDM and CP-OFDM waveform
· Option 2: Ran 4 discuss use different max TX power for DFT-S-OFDM and CP-OFDM waveform
· 
Option 3: Use different power control reference point  for DFT-S-OFDM and CP-OFDM waveform
Proposal 2: Support separate power headroom report for DFT-S-OFDM and CP-OFDM waveform.
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