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Introduction
In RAN1#88bis, it was agreed that gNB should be aware of the power headroom differences for different waveforms, if the UE can be configured for both waveforms [1].
	Agreements:
· 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 RAN1-NR#2, RAN1 agreed that PHR should be linked with PUSCH transmission(s) [2].
	Agreements:
· UE’s power headroom report is based on the corresponding PUSCH transmission(s)
· FFS details


In this contribution, we discuss the detailed design of PHR.
Discussion
[bookmark: _GoBack]In NR, both CP-OFDM and DFT-S-OFDM are mandatory features for UE. DFT-S-OFDM is used for compensation in power-limited case, e.g. at cell edge. Hence waveform switching can occur in either semi-static or dynamic way, e.g., when UE move from cell center to cell edge or from cell edge to cell center. When gNB configures another waveform, power headroom (PH) of the waveform is needed so that gNB can allocate appropriate amount of resource and power taking power back-off difference between two waveforms into account. For example, when UE move from cell edge to cell center and waveform is switched from DFT-S-OFDM to CP-OFDM, since power back-off is lager in CP-OFDM than DFT-S-OFDM, gNB cannot schedule as same amount of resources as DFT-S-OFDM. Therefore, non-current waveform based PHR is needed. The PH can be calculated based on virtual cell assumption. Waveform switching doesn’t occur frequently, when UE is not moving. Therefore the non-current waveform based PHR should be trigged by gNB. 
Observation 1: Without PHR of non-current waveform, gNB cannot schedule appropriate amount of resources and power, when waveform is switched.
Proposal 1: Support non-current waveform based PHR.
· The PHR should be trigged by gNB
In our companion paper [3], we propose unified power control mechanism for beam/waveform/service type specific control. In the scheme, gNB configures 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. Since transmission power is different among different power control ID, PH can be reported for each power control ID if configured by gNB.
Proposal 2: PH can be reported per combination of beam/waveform/service type
Furthermore, for appropriate scheduling, gNB needs pathloss information, because target SINR depends on pathloss scale. In order to allow gNB to measure accurate UL pathloss, UE transmission power should be informed to gNB. PH doesn’t describe accurate UE transmission power, because power back-off can change, e.g., due to modulation and waveform change. Therefore additional information is needed. The simplest way is to feedback UE transmission power. But, it causes signalling overhead. We propose more reasonable way such that UE reports power back-off when gNB requests. Power back-off needs only few bits to describe, which is much smaller than that of absolute power. It can be reported with PHR.
Observation 2: gNB needs UL pathloss information for DL/UL scheduling. In order to measure accurate pathloss, accurate UE transmission power is needed at gNB side.
Proposal 3: Support power back-off reporting in addition to PHR to inform gNB of accurate UE transmission power.
· The reporting should be trigged by gNB
Conclusion
In this contribution we discussed detailed design of PHR. Our observations and proposals are as followed:
Observation 1: Without PHR of non-current waveform, gNB cannot schedule appropriate amount of resources and power, when waveform is switched.
Proposal 1: Support non-current waveform based PHR.
· The PHR should be trigged by gNB
Proposal 2: PH can be reported per combination of beam/waveform/service type
Observation 2: gNB needs UL pathloss information for DL/UL scheduling. In order to measure accurate pathloss, accurate UE transmission power is needed at gNB side.
Proposal 3: Support power back-off reporting in addition to PHR to inform gNB of accurate UE transmission power.
· The reporting should be trigged by gNB
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