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1 Introduction

In RAN1 NR Ad-Hoc meeting, the following were agreed for UL transmission power control [1]:

 Agreements:
· Pathloss measurement for UL power control to be based on at least one type of DL RS for beam measurement is supported.

· Notes: beam measurement RS includes CSI-RS, RS defined for mobility purpose, FFS: SS & DMRS

· FFS: on multiple type of RS 

· FFS: other DL RS

· FFS: Whether beam pair link and/or beam group and/or layer specific power control parameter set(s) includes [image: image2.png]
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· Separate power control process can be supported for transmission of different channel/RS (i.e., PUSCH, PUCCH, SRS).

· Same gNB antenna port can be used for pathloss measurement for multiple processes.

· FFS: Different gNB antenna ports can be used for pathloss measurement for each process

· NR supports power control for UE side multiple panel transmission

· FFS: specification impact to support multiple panel 

· FFS: waveform independent/dependent parameters for power control
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
Among the key features to be taken into account in NR design, one is to efficiently support different services. UL power control for NR should account for this new feature.

TPC for the support of multiple services
Multiple services can be supported in a single cell for respective usage scenarios like eMBB and URLLC. It is also possible to use carrier aggregation to support different services; respective UL power control aspects were considered in [2]. For single cell operation, UL power control needs to account for the different reliability requirements (BLER targets) for each of the services that a UE may support. For example, UL power control settings can be different for eMBB service with target BLER of 10% than for URLLC service with target BLER of 0.1% or less. This implies independent configuration of open loop power control parameters for target received power. For example, using the LTE PUSCH power control equation for dynamically scheduled PUSCH below as reference, the UE-specific component of 
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 and the path-loss compensation factor 
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 should be separately configured for each service type and/or numerology. For example, for URLLC, it may be beneficial to set 
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 value larger than one for eMBB. 
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PHR for the support of multiple services
Another aspect related to service dependent uplink power control is the power headroom report.  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 PHR indicates how much transmission power is left for the UE to use indication to the power being used by current transmission.  The gNB then can use the PHR to estimate how much uplink bandwidth a UE can use in a specific slot.  As separate uplink power control is used for different services, the PHR design shall also be service dependent.

There are two options for PHR for different services. 

Option 1: two PHRs are reported all the time for PUSCH with each assuming one service regardless of actual transmission of PUSCHs, when the PUSCH for each service is not transmission, the PHR is virtual PHR.  With this method, gNB can schedule a proper data rate that can be supported by the available transmission power for each service known by each PHR from the UE.  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 based on the actual transmission of PUSCHs, that is, When there’s one PUSCH transmission for one service, the PHR is based on the actual PUSCH transmission, When there’re two PUSCH transmissions, each PUSCH for each service, the PHR is based on the predefined  PUSCH transmission, When there’s no PUSCH transmissions, the PHR is based on the reference PUSCH transmission. With this method, And slight less resources to be used to report one PHR at a time compared with option 1. But the information of available transmission power for each service may be not accurate, because the power control parameters, P0 and alpha, are separately configured for each service, the available transmission power information for the service without PHR reported should reference the PHR of service with reported PHR.
And， there are other factors, such as waveforms (CP-OFDM, DFT-S-OFDM), beams, numerologies, also related to PHR, and the these factors may affect each other, for example,  eMBB uses 15kHz SCS and for normal service, and URLLC uses 60kHz SCS and for URLLC service, maybe, two type PHR is enough, that is first PHR is for eMBB with 15kHz SCS, and second PHR is for URLLC with 60kHz SCS. Therefore, it is more  proper to configure one or more PHRs to UE by gNB considering the factors of service,  waveform, numerology, and beam.
Proposal 1: Consider separate power headroom reports based on the factors of service, waveform, numerology, and beam of PUSCH transmission.
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 1, 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 1: 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 2: FDM and TDM of PUSCH and PUCCH
Proposal 2: Study power headroom reports for FDM of PUSCH and long PUCCH, 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: Consider separate power headroom reports based on the factors of service, waveform, numerology, and beam of PUSCH transmission.
Proposal 2: Study power headroom reports for FDM of PUSCH and long PUCCH case, TDM of PUSCH and short PUCCH case.
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