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1 Introduction

In RAN1#87, the following were agreed for UL transmission power control [1]:
Agreements:
· For NR-PUSCH at least targeting eMBB,

· Open-loop power control based on pathloss estimate is supported.

· Pathloss is estimated using DL RS for measurement

· Fractional power control  is supported

· FFS: Which DL RS(s) for measurement is used (The RS may be beamformed).

· Closed-loop power control is supported, which is based on NW signaling.

· Dynamic UL-power adjustment is considered

· Further study on:

· Numerology specific power control

· e.g. numerology specific power control parameters

· Beam specific power control parameters

· Power control for other RSs and physical channels

· Power control for grant free PUSCH if supported
· Power control per layer (group)
In RAN1#88bis, the following were agreed [2]:
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

In RAN1#89, the following were agreed [3]:
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

NR has the several key features that are different from LTE: (a) support of multiple numerologies, (b) support of hybrid beamforming architecture, (c) support of different waveforms (CP-OFDM and DFT-S-OFDM) and (d) support of variable number of symbols for UL transmissions. This contribution discusses UL power control framework considering these new NR features.
2 NR TPC Framework
LTE UL power control formulas can be a good reference to determine NR TPC framework and based on LTE TPC formulas, this section discusses NR TPC framework considering new NR features. 

The settings of the UE’s PUSCH transmit power, 
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in subframe i for serving cell c is defined in [4] as:
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The settings of the UE’s PUCCH transmit power, 
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 in subframe i for serving cell c is defined in [4] as:
For PUCCH format 1/1a/1b/2/2a/2b/3, 
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For PUCCH format 4/5 (TxD is not supported in LTE),
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TPC for multiple numerologies/services
In NR, different services like eMBB and URLLC can be supported by using different numerologies, e.g., for eMBB with 15 kHz SCS and for URLLC with 60 kHz SCS, or by using same numerologies, e.g., for both eMBB and URLLC with 15 kHz SCS or with 60 kHz SCS. Each service that a UE supports may have different reliability requirements (BLER targets) and 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. For example, in dynamically scheduled PUSCH 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. For URLLC, it may be beneficial to set 
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 value larger than one for eMBB. Similar, 
[image: image10.wmf]O_PUCCH

P

 should be separately configured for each service type as, for example, respective HARQ-ACK transmissions can have different BLER targets or respective SR transmissions can have different targets for detection probability. It is noted that the different configurations do not need to be numerology-specific and need to be applicable in general (including for the same numerology). 
Proposal 1: Support multiple configurations of open-loop power control parameters.
TPC for different waveforms

LTE supports both single-carrier and clustered (two clusters) DFT-S-OFDM. Clustered DFT-S-OFDM has higher peak-to-average power ratio (PAPR) and MPR than single-cluster DFT-S-OFDM but LTE utilizes the same power control mechanism and parameters for both waveforms because the CM performance gap between them is not very large (~0.8 dB [5]) and can be accounted for by the scheduler (e.g. by MCS selection, TPC command setting, etc.). However, CP-OFDM has higher PAPR than single-cluster DFT-S-OFDM and the CM performance gap between the two waveforms is around 2 dB [6]. So, the impact on the larger power back-off for CP-OFDM may need to be considered by defining different 
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 values for each waveform. However, this is a RAN4 issue and need not have a RAN1 specification impact.
Additionally, it was agreed in RAN1#88bis [2] to support pi/2 BPSK DFT-S-OFDM with spectrum shaping at least for UL data for carrier frequencies above 6GHz and below 52.6GHz. As shown in [7], pi/2 BPSK DFT-S-OFDM with spectrum shaping can achieve around 2dB more back-off gain than conventional QPSK DFT-S-OFDM. Therefore, support of pi/2 BPSK also needs to be taken into account and defining different 
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 can also apply for pi/2 BPSK DFT-S-OFDM with spectrum shaping. 

Proposal 2: Request RAN4 to consider impact of different PAPR/CM for CP-OFDM, conventional DFT-S-OFDM, and pi/2 BPSK DFT-S-OFDM with spectrum shaping in defining PCMAX,c(i).
TPC for hybrid beamforming architecture
In a system using hybrid beamforming, depending on the implementations of gNB and UE (e.g., the number of antenna elements in each panel and/or the number of antenna panels for TX and RX), different beam gains and/or beam widths are expected. Also, different beam-pairs between gNB and UE can experience different link quality and cause different level of interference to other cells. These aspects can cause a mismatch between the DL path-loss measured by the UE and the UL path-loss experienced by actual UL transmissions. 
Additionally, it would be possible in a LTE-NR coexistence scenario that DL signaling is via a mmWave band while UL signaling is via a LTE band. In such cases, there is a large mismatch between DL path-loss and UL path-loss in respective frequency bands. Asymmetric DL/UL pathloss has been present in LTE but the band separation is much smaller than it can be in NR. Due to the much different propagation characteristics on cellular bands and on mmWave bands, including the use of beamforming on mmWave bands, adjusting for the path-loss difference in the setting of the 
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 values for the various UL transmissions by assuming free-space path-loss is not sufficient.
Further, unlike LTE where the UE-common CRS is always present and can be used for path-loss measurements, a signal (e.g. CSI-RS) providing the same functionality for path-loss measurement as the CRS may not always possible to support at any time and for all UEs.
Proposal 3: UL power control in NR supports operation where UL path-loss cannot be derived from DL path-loss.
In order to support the gNB’s beam management, a UE has to measure multiple beams and report the measurements to the gNB. Based on the UE’s beam measurement report, the gNB can schedule the best beam-pair to the UE (e.g., the beam-pair which can provide the best link quality between the gNB and the UE). Each beam-pair scheduled by the gNB can experience different link quality and can cause different level of interference to other cells. So, a single UE should have different values of P0 and α for respective different beam-pairs. Signaling overhead for separate configurations of open-loop power control parameters for each beam-pair or beam-pair group can be reduced by configuring offsets relative to a setting for a reference beam.  
Proposal 4: Support separate configuration of open-loop power control parameters for different beam-pairs or beam-pair groups. Utilize the correlation of the parameter values to reduce signaling overhead. 
The gNB can schedule any beam-pair to a UE in order to benefit from flexible beam operation and to maximize system throughput. In such case, TPC has to be applied for the scheduled beam-pair which may not be the best one and the UE needs to use different path-loss values for multiple beams.

Proposal 5: Support use of different path-loss values for different beam-pairs or beam-pair groups based on gNB configuration.

A beam-pair specific or beam-pair group specific TPC may need to be adjusted fast in a system using hybrid beamforming because the beam-pair can be abruptly changed due to the blocking from moving obstacles such as pedestrians or vehicles. Then, a dynamic configuration of the UL power control parameters would be beneficial compared to a semi-static configuration. The simplest way to support such fast TPC is to increase the range of the TPC step size indicated by DCI and have shorter timing relationship between DCI TPC command and the application of the TPC command. However, whether or not to support such fast TPC also depends on how fast a beam changes and how fast TPC can be adjusted and these aspects should be studied first.

Proposal 6: Consider the rate of beam change in determining TPC rate adjustments. 
TPC for the number of OFDM symbols
In LTE, PUCCH formats consider transmission in 13 or 14 symbols. In NR, for long PUCCH transmissions, 4 to 14 symbols can be utilized in a slot and multi-slot transmissions are also supported for the PUCCH format used for transmission of 1-2 UCI bits. In case that the number of symbols for long PUCCH transmission varies per slot due to the slot format, multiplexing with SRS/Short PUCCH, and potential reservations of symbols for other purposes, the long PUCCH transmission power can be adjusted depending on the number of symbols for long PUCCH transmission (e.g., by introducing a power offset based on the number of symbols). 
Power headroom reports (PHR) for a UE enable a gNB to determine how much power the UE has available. This can help to avoid allocating transmission resources to UEs that are unable to use them. The same objective needs to be ensured in NR as discussed in [8].
3 Conclusion
In this contribution, we have discussed UL power control framework for NR and the following were proposed:
Proposal 1: Support multiple configurations of open-loop power control parameters.
Proposal 2: Request RAN4 to consider impact of different PAPR/CM for CP-OFDM, conventional DFT-S-OFDM, and pi/2 BPSK DFT-S-OFDM with spectrum shaping in defining PCMAX,c(i).

Proposal 3: UL power control in NR supports operation where UL path-loss cannot be derived from DL path-loss.

Proposal 4: Support separate configuration of open-loop power control parameters for different beam-pairs or beam-pair groups. Utilize the correlation of the parameter values to reduce signaling overhead.

Proposal 5: Support use of different pathloss values for different beam-pairs or beam-pair groups based on gNB configuration.
Proposal 6: Consider the rate of beam change in determining TPC rate adjustments. 
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