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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

NR has the several key features that are different from LTE: (a) support of multiple numerologies, (b) support of hybrid beamforming architecture, and (c) support of different waveforms (CP-OFDM and DFT-S-OFDM) for UL transmissions. This contribution discusses design aspects of UL power control considering these new NR features.
2 Discussion
TPC for multiple numerologies/services
NR can support multiple numerologies in a single cell for respective usage scenarios like eMBB and URLLC, or in different cells for different carrier frequencies. It is also possible to use carrier aggregation to support different numerologies/services; respective UL power control aspects were considered in [3]. Power sharing between LTE and NR with different numerologies is possible as well [4].

For single cell operation, UL power control needs to account for the different reliability requirements (BLER targets) for each service 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. As the slot duration can depend on the numerology while the QoS may not (e.g. for eMBB with either 15 KHz SCS or 30 KHz SCS), a setting for the target received power can depend on the numerology. This implies independent configuration of open loop power control parameters for target received power. 
Proposal 1: Support separate configuration of open-loop power control parameters for different numerologies.
In order to meet low latency requirement, grant free transmission can be supported for URLLC and a UE may need to transmit URLLC immediately without prior TPC command from the network to overcome short term interference/fading. The URLLC transmission may even have to (partially) overlap with existing eMBB transmissions. Then it is necessary that UL transmissions account for the level of inter-cell interference (e.g., transmission power can be decreased/increased when inter-cell interference), and for non-orthogonal intra-cell eMBB and URLLC transmissions, account for background interference of an ongoing eMBB transmission on a URLLC transmission [5]. 

Proposal 2: Support interference-aware TPC mechanisms.
The LTE eNB has been used the power headroom report (PHR) to determine how much more UL bandwidth per subframe a UE is capable of using. This can help to avoid allocating UL transmission resources to UEs which are unable to use them. The same objective needs to be ensured while considering the support of multiple numerologies as discussed in [6].
 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 at the TX and RX), different beam gains and/or beam widths are expected. Also, different beam-pairs between the gNB and UE can experience different link quality and cause different level of interference to other cells. These aspects may cause a mismatch between DL pathloss measured from the UE and UL pathloss experienced by actual UL transmissions [7]. Even if this asymmetric DL/UL pathloss has been present in LTE, it will be more severe in NR and how much the difference between DL/UL pathloss exists needs to be identified.

In order to support the gNB’s beam management, the UE has to measure multiple beams and report them to the gNB. Based on a UE’s beam measurement report, the gNB can schedule the best beam-pair (e.g., the beam-pair which can provide the best link quality between the gNB and the UE), the second-best one, or the third-best one to the UE. In this case, TPC has to be applied for the scheduled beam-pair and a UE needs to estimate pathloss for multiple beams [7]. 
A UE and/or gNB beam may need to be adjusted fast in a system using hybrid beamforming because the beam 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. In addition, it may be necessary to increase the range of the TPC step size indicated by DCI and have shorter timing relationship between DCI command for TPC and the application of the TPC command.
Proposal 3: Consider dynamic selection of UL power control parameter sets and/or and increased TPC range.
TPC for NR MIMO

Enhancements of UL TPC for MIMO were discussed in Rel-10. For example, it was considered whether or not to measure DL pathloss per antenna, whether or not to compensate power imbalance among antennas, and whether or not to have different 
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depending on different SU-MIMO transmission modes. Finally, these aspects were not adopted in LTE because potential performance gains did not justify the cost of additional signaling overhead and additional complexity. For MU-MIMO, as the number of UEs using same resources can vary, it may be desirable for these UEs to decrease their transmission power in order to keep a similar level of interference caused to other cells as in case of single-user transmission. However, this can be handled by gNB implementation through an appropriate configuration of power control parameters and TPC commands. It is rather unnecessary to revisit these issues for NR.
Proposal 4: Power control enhancements for SU-MIMO or MU-MIMO are not necessary to specify in NR.
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) than single-cluster DFT-S-OFDM, it can approach the PAPR of CP-OFDM (~1 dB vs. ~2 dB [8, 9]), but both waveforms utilize same power control mechanism and parameters.  Nevertheless, the impact on the larger power back-off for CP-OFDM can be taken into account in NR by defining different Pcmax for each waveform. However, this is a RAN4 issue and need not have a RAN1 specification impact.
Proposal 5: Request RAN4 to consider impact of different PAPR for DFT-S-OFDM and CP-OFDM in defining Pcmax.
It was agreed in RAN1#88bis 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 [10], pi/2 BPSK DFT-S-OFDM with spectrum shaping can achieve around 2dB more CM gain than conventional QPSK DFT-S-OFDM. So, this also needs to be taken into account in NR.
Proposal 6: UL power control considers pi/2 BPSK DFT-S-OFDM with spectrum shaping.
3 Conclusion
In this contribution, we have discussed design aspects for NR UL TPC and the following were proposed:
Proposal 1: Support separate configuration of open-loop power control parameters for different numerologies.
Proposal 2: Support interference-aware TPC mechanisms.
Proposal 3: Consider dynamic selection of UL power control parameter sets and/or and increased TPC range.
Proposal 4: Power control enhancements for SU-MIMO or MU-MIMO are not necessary to specify in NR.

Proposal 5: Request RAN4 to consider impact of different PAPR for DFT-S-OFDM and CP-OFDM in defining Pcmax Proposal 6: UL power control considers pi/2 BPSK DFT-S-OFDM with spectrum shaping.
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