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1 Introduction

Regarding UL power control, the following agreements have been achieved in previous meetings [1] [2]:
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 open-loop power control parameters for PUSCH for a UE, 

· gNB configures one or multiple P0 values 

· e.g., for specific combination(s) of one or more beam(s), waveform (if agreed) and service type (if agreed)

· gNB can configure one or multiple alpha values

· FFS the case of closed-loop power control 

· FFS how to handle reconfiguration of open-loop power control parameters for PUSCH for a UE, e.g., reset or not reset closed-loop power control
Agreements:

· It is up to RAN4 to discuss how to support any power back-off needed for CP-OFDM transmission compared with DFT-S-OFDM transmission

· E.g., specification of fixed power back-off, specification of power back-off as MPR

In this paper, we mainly discuss PHR related to beam transmission, waveform switching and PUCCH formats. Power control parameters can be configured with multiple values, for specific combinations of beam/waveform/service type. This may not lead to multiple power control and PHRs at one time instance. At least the UE would be scheduled with one specific waveform, numerology in one slot. Thus, these factors lead to one real-PHR value for each channel. The UE can transmit more than one beams simultaneously. Thus, PHR for single and multi-beam transmission should be analyzed. 
2 PHR for beam-based transmission

Depending on UE’s ability, the UE can form one or multiple beam(s) in uplink[3]. Beam-based transmission can be categorized into the following schemes:
Scheme1: Single-beam transmission with beam switching
In this scheme, the UE is only able to form one beam at one time. The beam can be formed on single panel/port/beam(based on panel/port/beam selection), or coherently among multiple panel/port/beam(based on panel/port/beam combining). For example, the gNB indicates the UE of UL beam by antenna port selection when one port is applied for one SRS beam. Thus, multiple BPLs are dynamically indicated from the gNB. There is a need the UE maintain multiple transmission power for at least each BPL group.
In this way, the UE and gNB need to track the information of the beams. To update the large scale information of each BPL group, candidate virtual beam PHR is necessary. For virtual beam PHR calculation, the UE should assume it transmit the beam with full power allocated to it. To reduce overhead, if necessary, differential report can be considered.
Scheme 2: Multi-beam transmission simultaneously
Some UE could form more beams in uplink, e.g. for multipoint reception (JR), UL non-coherent joint transmission(NCJT). The different beams can be implemented on different panels simultaneously. Then the UE need to report PHR taking the sum of all the simultaneously transmitted beams power into account, or generate separate report for each beam. Generally, PH calculation can be expressed as,
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  (1),

where Pcmax is the configured UE maximum power, M is the allocated bandwidth, and Pd is the power density in each RB calculated from a few parameters.

From this we have maximum bandwidth that can be allocated is, 
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 (2).
Here M is controlled by gNB, so that gNB can get the information about Mmax. The PH for multi-beam transmission can be expressed as,
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(3)

The subscripts of M and Pd refer to beam index. Consider basic LTE PHR format with no Pcmax reporting. If the multiple beams are coherently transmitted, the beams are scheduled in one DCI, and M1 and M2 are equal. The gNB can get available maximum bandwidth, by equation(2). If up to 2 PUSCH for is supported in NR, the bandwidth of each PUSCH beam can be separately scheduled. Then even the gNB is aware of M1 and M2, the gNB cannot extract bandwidth from this equation. It’s because bandwidth of two beams are calculated in log-sum-exp way. If one PH according to equation(3) is reported, the gNB acquires inaccurate  available maximum bandwidth. In this case, separate PH for each beam should be reported.
Proposal 1: Depending on a UL PUSCH transmission scheme, NR PHR of a single carrier can contain:
a) One real PH for one or more beams scheduled by one UL grant;

b) Multiple real PHs, each for one or more beams scheduled by one of multiple UL grants;
c) Virtual PH(s) of beam(s) not currently scheduled, where the number of virtual PHs is configured by gNB.

3 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. In last meeting RAN1#90, it’s agreed to send LS to RAN4 about definition of the power offset. 
The power offset 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 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. Then, during UL data transmission, UE’s waveform is indicated by gNB, and the reported PH is calculated based on current transmission waveform. If the UE is not scheduled with current waveform for UL transmission, which waveform is used for PH calculation can be defined by default, or indicated by gNB if necessary. 
Moreover, the waveform switching is not necessarily as new PHR triggering event. Usually, the switching request happens when the UE moves between low and high SNR regions. Thus, it occurs correspondingly with pathloss change. In this case, the pathloss change can already trigger a PHR, which leads to useless extra PHR triggering condition of waveform switching. 
Proposal 2: When the UE is indicated to use a specific waveform for the current UL transmission, the PHR associated with this transmission should be based on the current waveform.

4 Power headroom calculation types

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 LTE, basic PHR MAC CE contains only type 1 or type 3 PH, enhanced PHR CE contain type 1 or type 3, and can contain type 3 if configured with simultaneously PUCCH-PUSCH transmission scheme. Consider single TRP and single carrier case. 
When long PUCCH is multiplexed in FDM-ed manner with PUSCH, the same analog beamforming is applied. Then pathloss of long-PUCCH and PUSCH is similar. The difference of power densities of PUSCH and PUCCH is only related to configuration parameters, and known by the gNB. The gNB can acquire enough information from type 2 PH, to determine bandwidth of PUSCH, or PUCCH.
Multiplexing manner of short-PUCCH and PUSCH has not been determined yet. Consider the simple case where short-PUCCH is only allowed to be multiplexed in TDM-ed manner with PUSCH. With both type 1 and type 2 PH, the gNB can calculate the maximum bandwidth of short-PUCCH. A more straightforward way, is to define a new PH type that allows calculation based on PUCCH only. 
Moreover, when calculating PH with PUCCH, the bandwidth of PUCCH should be taken into account. 
Proposal 3: NR should support a new PH calculation type for a transmission with only short-PUCCH on the symbol(s).  
5 Conclusions
The proposals in this paper are summarized as following,
Proposal 1: Depending on a UL PUSCH transmission scheme, NR PHR of a single carrier can contain:
a) One real PH for one or more beams scheduled by one UL grant;
b) Multiple real PHs, each for one or more beams scheduled by one of multiple UL grants;
c) Virtual PH(s) of beam(s) not currently scheduled, where the number of virtual PHs is configured by gNB.

Proposal 2: When the UE is indicated to use a specific waveform for the current UL transmission, the PHR associated with this transmission should be based on the current waveform.
Proposal 3: NR should support a new PH calculation type for a transmission with only short-PUCCH on the symbol(s).  
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