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1 Introduction

Regarding UL power control, the following agreements have been achieved in previous meetings [1] [2] [3]:
Agreements:
· 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.

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:

· 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

In this paper, we provide general considerations on power headroom design in NR, and then discuss detailed impacts on power headroom calculation and reporting.
2 General consideration of PHR
In previous meetings, it was agreed that NR supports beam specific power control as baseline. Detailed parameters and other possible factors (waveform, numerology, traffic, etc.) are under discussion. 
In our company contribution [4] of the general PC framework, we proposed a generalized PC setting, including the UL signal/channel, the respective DL RS and power, the open-loop parameters, the TPC command, and the closed-loop state/process. The setting should be compatible with PC factors, e.g. beam/traffic type/waveform, etc. Thus, as a baseline, NR should support PHR based on current scheduled PUSCH/PUCCH/SRS transmission under a generalized PC setting. Then the need of more information related to the factors (virtual PHR) should be further investigated.
Proposal 1: NR should support PHR based on current scheduled PUSCH/PUCCH/SRS transmission under a generalized PC setting as a baseline.
3 On the need of PHR reporting associated with various factors

In NR, flexible PC parameter setting is in discussion for a plurality of factors. A portion of the factors would be identical in one scheduled time/scheduled unit. For example, within one slot and one bandwidth part, the UE is configured is configured with one specific set of parameters, e.g. waveform, numerology, traffic. Thus for the real PHR, the UE only need to calculate power headroom on one specific set of configuration. Beam-based operation would be more complicated, considering UL CoMP (Coordinated Multipoint) scenario. In the following, we analyze the UL CoMP scenario and more transmission design is referred to [5]. 
3.1 PHR for beam-based transmission

Generally, beam-specific power headroom calculation should be supported. In this case, each beam( group) would lead to one PH value. 

The UE is able to form one or more beams in uplink, depending on UE’s capability.  When the UE is only able to form one beam at one time, the UE could form the beam across panels or using only part of panels. As UL DPS technique, the gNB could select best beam from a set of candidates (e.g. from different panels) and indicate the UE. For example, the gNB indicates the UE of UL beam by antenna port selection when one port is applied for one SRS beam. In this way, the UE and gNB need to track the information of the beams. Thus, candidate virtual beam PHR is necessary.
In the other case, the UE could form more beams in uplink, e.g. for multipoint reception (JR). The different beams can be implemented on different panels simultaneously. Then the UE need to report PHR based on all the simultaneously transmitted beams, or generate report for each beam. A packed PHR of all transmitted beams is useful when then beams are transmitted to the same TRP, for diversity. It’s because in this case, a common bandwidth is likely to be scheduled for the beams. While if the beams are towards different TRPs, a separate PHR for each beam is useful. For example, in non-ideal backhaul scenario, different TRPs may schedule uplink resource(PUSCH/PUCCH/SRS) independently, e.g. of different bandwidth. Multi-PHR for multi-beam is useful especially when the different panels does not share the same PA, which is more practical for large UEs like vehicles, fixed access CPEs.
Proposal 2: NR should support UE reporting multi-PHR corresponding to a set of beams. FFS how to determine the beam set.
3.2 PHR for supporting of DFT-s-OFDM and CP-OFDM waveforms
NR supports both DFT-s-OFDM and CP-OFDM waveforms. Since PAPR would be different for the two waveforms, the maximum power back-off of power management would be different. The UE could using different MPRs for the two waveforms, and determine different configured maximum output power. Though the PAPR difference is obvious, the value can be long-term measured. Without UE’s reporting, the gNB can measure it by implementation. The measurement may be of minor inaccuracy, but it can be compensated by the gNB, e.g. through TPC indication, within several TTIs. Thus there seems weak motivation on need of reporting two waveform-based PHRs in one MAC element. Especially when the UE stays in center/edge area for a long time (much longer than PH timers), the gNB may not need to know the exact power offset of two waveforms. 
In conclude, waveform-based power headroom calculation is needed, but the need of reporting two waveform-specific PHRs need further clarification. 
Proposal 3: The UE should report a real PHR of current waveform.
4 Power headroom calculation types

In LTE system, PH types are defined for CA operation. Depending on CC type, type1 and type2, or type 1 only PHR is generated per CC. The different of type 1 and type 2 focus on whether PUCCH can be or is transmitted on the serving cell. 

In NR, short-PUCCH and long-PUCCH are supported, and more than one PUCCH can be TDM-ed transmitted in one slot. The multiple PUCCHs can carry same or different UCI, and have different multiplexing manner with PUSCH. In this way, PHR would be quite complicated for the channels. For virtual PH, a default manner need to be defined for PUCCH and PUSCH PH calculation, e.g. calculation based on short-PUCCH. Otherwise, when either PUSCH or PUCCH is transmitted, PH calculation should address short-PUCCH part and long-PUCCH part. A general consideration is to combine type1 and type2 calculation, and allow the UE to calculate PH the headroom of all FDM-ed transmitted channels. That is, PH = Pcmax – PUSCH Power – PUCCH Power. Here, only real transmitted channel power can be taken into the formula. For example, if short-PUCCH and PUSCH are TDM-ed transmitted, for PUCCH part, the PUSCH power of PH calculation is zero. In conclude, NR PH general design should adapt to various PUCCH structures and multiplexing manners.

Proposal 4: NR PH calculation design should adapt to various PUCCH structures and multiplexing manners. 
5 Conclusions
The proposals in this paper are summarized as follows.
Proposal 1: NR should support PHR based on current scheduled PUSCH/PUCCH/SRS transmission under a generalized PC setting as a baseline.
Proposal 2: NR should support UE reporting multi-PHR corresponding to a set of beams. FFS how to determine the beam set.
Proposal 3: The UE should report a real PHR of current waveform.

Proposal 4: NR PH calculation design should adapt to various PUCCH structures and multiplexing manners. 
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