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Introduction
In previous meetings, the following agreements were made on power control for NR UL MIMO [1]~[4].
Agreements:
· UE’s power headroom report is based on the corresponding PUSCH transmission(s)
· FFS details
· NR supports beam specific power control as baseline. Power control for UE side multiple panel transmission is supported.
· Support beam specific pathloss for ULPC
· 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 elaborate PHR calculation for different waveforms and beam specific PHR.
Discussion
PHR for different waveforms
To keep power amplifier (PA) efficiency, it is better to introduce different UL PC mechanisms for DFT-S-OFDM and CP-OFDM respectively because of the visible significant difference of CM (Cubic Metric) between these two transmission waveforms. Since 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. 
So far there has been mainly two candidate ways proposed to reflect the power backoff on Pcmax. 
· Method 1: Power offset of Pcmax

[bookmark: OLE_LINK206][bookmark: OLE_LINK207]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 PHR. 
· Method 2: a sort of MPR for determining Pcmax
According to 36.101 as relevant formulas shown below, UE chooses a value between a lower limit PCMAX_L,c and a upper limit PCMAX_H,c, for PCMAX,c . 
PCMAX_L,c ≤ PCMAX,c ≤ PCMAX_H,c with
PCMAX_L,c = MIN {PEMAX,c – TC,c, (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc + ΔTIB,c + TC,c + TProSe, P-MPRc)}
PCMAX_H,c = MIN {PEMAX,c, PPowerClass – ΔPPowerClass}
where
-	PEMAX,c is the value given by IE P-Max for serving cell c;
-	PPowerClass is the maximum UE power without taking into account the tolerance specified;
-	ΔPPowerClass = 3 dB for a power class 2 capable UE operating in Band 41, when P-max of 23 dBm or lower is indicated or if the uplink/downlink configuration is 0 or 6 in the cell; otherwise, ΔPPowerClass = 0 dB
-	MPRc and A-MPRc for serving cell c are specified in subclause 6.2.3 and subclause 6.2.4 in 36.101, respectively;
-	TIB,c is the additional tolerance for serving cell c as specified in Table 6.2.5-2 in 36.101; TIB,c = 0 dB otherwise;
-	TC,c = 1.5 dB when NOTE 2 in Table 6.2.2-1 in 36.101 applies;
-	TC,c = 0 dB when NOTE 2 in Table 6.2.2-1 in 36.101 does not apply;
-	TProSe = 0.1 dB when the UE supports ProSe Direct Discovery and/or ProSe Direct Communication on the corresponding E-UTRA ProSe band; TProSe = 0 dB otherwise.
P-MPRc is the allowed maximum output power reduction.

If the power back off is considered as a sort of MPR, it will exert influence on the lower limit. In other words, UE has some extent of flexibility on PCMAX,c which is blind to gNB. In such case, it seems to be necessary for UE to report power headroom for both waveforms, taking into account dynamical waveform switching.
[bookmark: OLE_LINK4]Observation 1: One PHR is reported on transmitted waveform by the method of power back off reflection for Pcmax, the PHR for other waveform can be inferred accordingly; but, two PHR for each waveform should be reported if supporting different MPR per waveform.
Proposal 1: The maximum transmission power should be back off when CP-OFDM is applied to UE, the power offset could be a specified value based on the difference of CM between CP-OFDM and DFT-S-OFDM. 
Beam specific PHR
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. Some detail of beam specific power control framework can be found in companion contribution [5]. 
In this recommended framework, gNB configures or re-configures one or more ULTxPara (UL transmit parameter set) setting for a UE. For each of PUSCH, PUCCH and SRS, gNB could configure one or more ULTxPara settings, and each ULTxPara setting includes one or more ULTxPara sets (transmit parameters set). A ULTxPara set is equivalent to a power control loop. Each (ULTxPara set) at least includes the following information for PUSCH and PUCCH:
· TX beam (group) indication, indicating the transmit resources
· UE specific part of P0 
For transmission of SRS, PL setting can be configured under SRS resource setting. Then PUSCH and PUCCH transmission can link to particular SRS resource (group) to obtain corresponding PL.
· PL setting, including DL RS resource indication(s) which are used for pathloss measurement. 
ULTxPara set ID if more than one ULTxPara set is configured. 
Generally, PHR process should be maintained based on power control loop. If a UL transmission is scheduled on more than one TX beam at the same time, the PHR should be considered as one power headroom calculation for the total transmit power of all these TX beams. gNB configures PHR setting via RRC signal or MAC CE, which includes the following information,
· Timers, refers to the two timers periodicPHR-Timer and prohibitPHR-Timer similar to LTE
· PL changing threshold, refers to dl-PathlossChange similar to LTE
· PHR process indicator, refers to PHR process ID and its ULTxPara set ID list. 
For the sake of analysis, it is assumed that one PHR process indicator contains two PHR processes as shown in Figure 1. The first one includes ULTxPara set ID #1, and the second one includes ULTxPara set ID #3 + #4, so UE maintains PHR process for both of them, monitors and updates the trigger parameters independently. ULTxPara set #3 + #4 means the relevant PHR process assumes there are two concurrent PC loops. 


Figure 1 PHR setting and process
PHR calculation:
Different from LTE, NR may have multiple beam pairs for UL transmission which means there might be more than one BPL to be monitored. According to the above PC framework, PHR is reported per PHR process. If a PHR process includes more than one ULTxPara set, the beam links of these ULTxPara sets are supposed to be used at the same time, PHR for this PHR setting should reflect the headroom of the sum of all beam links’ individual power. 
For instance, 
For PHR process ID #2, there are two ULTxPara sets: ULTxPara set #3 and ULTxPara set #4, each has one TX beam, referred as TX beam 3 and TX beam 4 respectively. For ULTxPara set #3, UE calculates the power of TX beam #3 is marked as P1, and for ULTxPara set #4, UE calculates the power of TX beam #4 is marked as P2, the PHR for PHR process ID #2 should be:
PHR = PCMAX - (P1 + P2)
Where PCMAX is the UE’s maximum transmit power.
Trigger condition:
In LTE, RRC controls Power Headroom reporting by configuring the two timers periodicPHR-Timer and prohibitPHR-Timer, and by signalling dl-PathlossChange which sets the change in measured downlink pathloss and the required power backoff due to power management. And there are some events specified as PHR trigger conditions. One condition is prohibitPHR-Timer expires or has expired and the path loss has changed more than dl-PathlossChange dB since the last transmission of a PHR in this MAC entity when the MAC entity has UL resources for new transmission.
Considering multiple TX beams transmission in NR, there may be more than one BPL to be monitored. How to implement the PL changing condition for such case is a problem. Since PHR is associated with the sum power of all beam pair links, PL changing should be evaluated in the same way which means PL changing should reflect the sum of all beam pair links’ PL changing. 
For instance, 
[bookmark: OLE_LINK3]assuming PHR process ID #2 includes two ULTxPara sets: ULTxPara set #3 and ULTxPara set #4, each has one TX beam, referred as TX beam 3 and TX beam 4 respectively. Assuming the last PHR for PHR process ID #2 was sent at time t0, PL for TX beam #3 is marked as PL1(t0), PL for TX beam #4 is marked as PL2(t0), at time t1, PL for TX beam #3 and #4 is marked as PL1(t1) and PL2(t1) respectively. 
The PL changing condition should be estimated as:
(PL1(t1) - PL1(t0)) + (PL2(t1) - PL2(t0)) >= PathlossChange
If the condition is satisfied, UE should check other companion conditions such as timers. 
Proposal 2: for multiple TX beams transmission, PHR should reflect the headroom of the sum of all beam pair links’ individual power, the PHR trigger condition of PL changing should reflect the sum of all beam pair links’ PL changing.
Virtual PHR
In LTE, UE needs to calculate PHR when there is no real transmission, also referred as virtual PHR. In NR, things are more complicated due to support of multi-beam, two waveforms.
· For multi-beam cases, both real PHR and virtual PHR assume the same beam pair links based on its relative PHR process ID, under the above PC framework.
· For two waveforms, as discussed above, no assumption is needed for two-PHR method, and options are listed for one-PHR method as follows.
· Option 1: 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 for the sake of robust. 
· Option 2: 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. 

Conclusion
From the above discussion, we have the following observation and proposals:
Observation 1: One PHR is reported on transmitted waveform by the method of power back off reflection for Pcmax, the PHR for other waveform can be inferred accordingly; but, two PHR for each waveform should be reported if supporting different MPR per waveform.
Proposal 1: The maximum transmission power should be back off when CP-OFDM is applied to UE, the power offset could be a specified value based on the difference of CM between CP-OFDM and DFT-S-OFDM. 
Proposal 2: for multiple TX beams transmission, PHR should reflect the headroom of the sum of all beam pair links’ individual power, the PHR trigger condition of PL changing should reflect the sum of all beam pair links’ PL changing.
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