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1 Introduction

In RAN1 # NR adhoc 3 meeting, the following were agreed for power control of PUSCH transmission [1]:
Agreements:
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· Support at least  Pcmax,c(i), MPUSCH,c(i), P0,c(j), αc(j), PLc(k), ΔTF,c(i) for NR PUSCH power control for serving cell c
· i is slot number

· j  is the index of open-loop parameter

· K is the index of RS resource(s) for pathloss measurement

· FFS: exact Pcmax,c(i) definition and notation for above 6 GHz

· MPUSCH,c is related to the scheduled BW, FFS on the details

· ΔTF,c is for single layer transmissions

· Support up to N closed-loop power control processes, i.e.,  fc(i,l), for NR PUSCH power control for serving cell c 

· N=2 is working assumption

· l is the index of closed-loop power control process

· FFS: reset trigger, e.g., parameter set reconfiguration and/or explicit signaling

· FFS: linkage and indication of {j, k, l}, explicit/implicit signalling

· Note: Exact way to capture the details of the above proposal depends on the uplink beam management and the editor

In RAN1 #88bis meeting, the following were agreed for PUCCH transmission [2]:
Agreements:
· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.

· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.

· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH

· FFS: other multiplexing scheme(s) between the two NR-PUCCHs

· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs)

This contribution considers PHR aspects for NR.
2 Discussion
As agreed in the RAN1 #NR adhoc 3 meeting, it is agreed: multiple sets of power control parameters are configured for the support of multiple beams, multiple waveforms, and multiple services. PHR report due to multiple sets of power control parameters for NR will be discussed here.
PHR for the support of multiple beams, multiple waveforms, multiple services
For the uplink, the availability of transmission power at the UE needs to be reported to the gNB for uplink scheduling.  So that the gNB can schedule a proper data rate that can be supported by the available transmission power at the UE.  This is done by sending a power headroom report (PHR) from a UE to the gNB.  The gNB then can use the PHR to estimate how much uplink bandwidth a UE can use in a specific slot.  As multiple uplink power control parameters are used for different beams, different waveforms, and different services, the PHR design shall also be power control parameter dependent. When only single PUSCH transmission at a time, and the power control parameter of PUSCH transmission in different slot may be different due to switching of beams, waveforms, services. There are two options for PHR for different power control parameter based PUSCH transmission. 

Option 1: Multiple PHRs (for example N PHRs, N can be configured by higher layer signaling) are reported in one slot, in which one real PHR is reported for actual PUSCH transmission if real PUSCH transmission existed in the slot and the remaining N-1 PHRs are virtual, or there is no real PUSCH transmission in the slot, N virtual PHRs are reported.  And each PHR is calculated based on corresponding power control parameter. With this method, gNB can schedule a proper data rate for PUSCH with every power control parameter, because gNB can know the available transmission power of PUSCH with any power control parameter.  And slight more resources to be used to report two PHRs all the time. 
Option 2: one PHR at a time is reported for PUSCH.  One real PHR is reported for actual PUSCH transmission if real PUSCH transmission exists in the slot and PHR is calculated based on power control parameter of real PUSCH transmission, one virtual PHR is reported if real PUSCH transmission doesn’t exist in the slot, and the virtual PHR is calculated based on which power control parameter of the multiple power control parameters configured with following possible solutions.  

First solution is the PHR is calculated based on one predefined power control parameter, with this method, gNB and UE have no misunderstanding on which power control parameter is used to calculate PHR. 
Second solution is the PHR is calculated based on the power control parameter of previous real PUSCH transmission, with this method, gNB and UE may have misunderstanding on which power control parameter is used to calculate PHR, for example, if gNB schedules PUSCH with power control parameter 1 and UE receives the UL grant in slot n, gNB schedules PUSCH with power control parameter 2 and UE doesn’t receive the UL grant in slot n+1, gNB schedules no PUSCH in slot n+2, and PHR is reported in slot n+2, UE will calculate the virtual PHR based on power control parameter 1(P1), and gNB think the report PHR in slot n+2 is calculated based on power control parameter 2 (P2) as shown in Figure 1. If the second solution is used, the indication of the power control parameter should be reported together with PHR in MAC CE (For example, reserved element ), then, the misunderstanding between gNB and UE on which power control parameter can be avoided.
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Figure 1
Proposal 1: Multiple PHRs based on multiple sets of power control parameters are reported in one slot to provide accurate available transmission power of PUSCHs with different power control parameter in time.
PHR for FDM of PUSCH and long PUCCH

For the case,  long PUCCH and PUSCH are configured to be transmitted simultaneously in the same serving cell in FDM mode, type 1 PHR and type 2 PHR are reported for the serving cell.
PHR for TDM of PUSCH and short PUCCH

For the case,  short PUCCH(S-PUCCH) and PUSCH are configured to be transmitted simultaneously in the same serving cell in TDM mode as shown in Figure 2, only type 1 PHR for PUSCH is needed to be reported, and type 2 PHR is not needed. And because the UCI is transmitted in short PUCCH, the power may be not enough for UCI transmission in short PUCCH, the PHR for short PUCCH is needed to be reported to tell gNB if the power is enough or not, if the power for short PUCCH is not enough, gNB can inform UE to use long PUCCH to transmit UCI.
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Figure 2: TDM of PUSCH and short PUCCH
PHR for FDM and TDM of PUSCH and PUCCH

For the case,  two PUCCHs are transmitted, one PUCCH is short, the other is long,the long PUCCH is FDM with PUSCH, and the short PUCCH is TDM with PUSCH and PUCCHs are configured to be transmitted simultaneously with PUSCH in the same serving cell as shown in Figure 2, type 1 PHR and type 2 PHR for PUSCH FDM with short PUCCH are needed to be reported. And because the UCI is transmitted in short PUCCH, the power may be not enough for UCI transmission in short PUCCH, the PHR for short PUCCH is needed to be reported to tell gNB if the power is enough or not, if the power for short PUCCH is not enough, gNB can inform UE to use long PUCCH to transmit UCI.
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Figure 3: FDM and TDM of PUSCH and PUCCH
Proposal 2: Type1 PHR and type2 PHR are reported for FDM of PUSCH and long PUCCH in a cell, and type1 PHR and new PUCCH PHR  are reported for TDM of PUSCH and short PUCCH.
3 Conclusion
In this contribution, we have discussed PHR aspects for NR and the following were proposed:
Proposal 1: Multiple PHRs based on multiple sets of power control parameters are reported in one slot to provide accurate available transmission power of PUSCHs with different power control parameter in time.

Proposal 2: Type1 PHR and type2 PHR are reported for FDM of PUSCH and long PUCCH in a cell, and type1 PHR and new PUCCH PHR  are reported for TDM of PUSCH and short PUCCH.
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