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1 Introduction

In RAN1#90, the following were agreed [1]:
Agreements:

· For open-loop power control parameters for PUSCH for a UE, 

· gNB configures one or multiple P0 values 

· e.g., for specific combination(s) of one or more beam(s), waveform (if agreed) and service type (if agreed)

· gNB can configure one or multiple alpha values

· FFS the case of closed-loop power control 

· FFS how to handle reconfiguration of open-loop power control parameters for PUSCH for a UE, e.g., reset or not reset closed-loop power control
Agreements:

· PL calculation can be based on periodic CSI-RS if configured at least for the following cases:

· PUSCH
· SRS 

· PUCCH 
Agreements:
· It is up to RAN4 to discuss how to support any power back-off needed for CP-OFDM transmission compared with DFT-S-OFDM transmission

· E.g., specification of fixed power back-off, specification of power back-off as MPR

This contribution discusses aspects for the NR PUSCH power control framework.
2 TPC Framework for NR PUSCH
Typically, proposals for UL power control in NR have considered the LTE UL power control formulas in proposals of respective parameters. Therefore, LTE UL power control formulas can be a reference for the NR UL PC framework. Even though this appears to be a common understanding, there has been no clear agreement on it yet and this has prevented development of specifications for the NR UL PC formulas, at least for the PUSCH. Since discussion on NR PUCCH design is still ongoing, whether or not to directly apply LTE PUCCH power control formulas for NR PUCCH power control is not currently clear. However, at least LTE PUSCH power control formula can be reused for NR PUSCH.
Proposal 1: LTE power control formula and corresponding terminologies are reused for NR power control of PUSCH.

· PUSCH transmit power, 
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 in slot i for serving cell c and QCL configuration q is defined as (with definition of parameters as in TS 36.213 when q is absent) 
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· FFS for non-slot-based transmissions
· FFS on NR PUCCH and SRS 

As shown above, LTE PUSCH power control formula can be broadly categorized into three components; i) open-loop parameters configured by eNB, ii) pathloss calculation estimated by UE, and iii) closed-loop parameters indicated by eNB. These components should appropriately reflect new NR features that are different from LTE such as support of multiple numerologies, support of hybrid beamforming architecture, support of different waveforms, and support of variable number of symbols for UL transmissions. 
It was agreed in RAN1#90 that gNB configures one or multiple 
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 values) and the gNB can configure one or multiple 
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 values for PUSCH for a UE. The above formula considers that the multiple (QCL-dependent) configurations also extend to 
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 and to the TPC commands 
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. Otherwise, the above formula can be modified accordingly. 
The remaining of this section focuses on how new NR aspects can be reflected into path-loss calculation and closed-loop TPC defined in the PUSCH power control formula.
2.1 Discussion on PLc
In LTE, PLc is the DL pathloss estimate calculated in the UE for serving cell c in dB and calculated by 
PLc = referenceSignalPower – higher layer filtered RSRP

Generally, the above definition and calculation can directly be applied for NR PUSCH power control but modifications may be needed considering the following issues: 
· Issue 1: whether or not to apply DL pathloss estimate for PLc calculation in all cases.
· Issue 2: if DL pathloss estimate is always used for PLc calculation, which RS will be used.
· Issue 3: whether or not to apply higher layer filtering for PLc calculation.
Issue 1
It is expected that in NR, a mismatch between DL pathloss measured by UE and UL pathloss experienced by actual UL transmissions can be more severe than in LTE. 

For example, 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 larger asymmetric DL/UL pathloss than LTE.
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, e.g., operation of supplementary UL (SUL) which was agreed in RAN1#89. In such case, there is a large mismatch between DL path-loss and UL path-loss in respective frequency bands and the propagation environments can be materially different (e.g. due to the channel characteristics or the use of beamforming). An inaccurate path-loss setting by the UE can then result to incorrect link adaptation and inter-cell interference. Asymmetric DL/UL path-loss has been present in LTE but the band separation is much smaller than it can be in NR (and in a SUL scenario, there is no DL band associated with SUL). 
Due to the materially 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 P0 values for the various UL transmissions by assuming free-space path-loss may not be sufficient (without accounting for the fact that full path-loss compensation may also not apply). It is also unclear how the gNB can know the proper adjustment in the P0 value as this can be different for different UEs (e.g. UEs in mmWave bands having different QCL may measure same path-loss in the DL but require different path-loss compensation in the UL on a cellular band or the reverse).  
In order to resolve large DL/UL pathloss mismatch in NR, the following is proposed:

Proposal 2: PLc can be either the DL pathloss calculated by the UE or the UL pathloss calculated by the gNB and configured to the UE.

Issue 2
When DL RS is used for PLc calculation, it should be decided which DL RS it is. NR supports several measurements such as measurement for mobility support, beam measurement for beam management, and path-loss measurement for UL PC. Even if their purposes are quite different, having a commonality among them as much as possible would be beneficial in terms of reducing specification effort and implementation complexity. The characteristics of each measurement based on agreements are summarized in Table 1:
Table 1: Different measurements in NR
	Type of measurement
	DL RS used for the measurement
	Filtering 

at higher layers

	Mobility
	Before RRC connection setup
	SS block
	No

	
	After RRC connection setup
	SS block and/or CSI-RS based on gNB configuration
	Yes

	Beam
	Before RRC connection setup
	SS block
	No

	
	After RRC connection setup
	SS block and/or CSI-RS based on gNB configuration
	No

	PL
	Before RRC connection setup
	No clear agreement
	Not decided yet

	
	After RRC connection setup
	Periodic CSI-RS if configured
	Not decided yet


From Table 1, it is observed that at least mobility measurement and beam measurement have similar mechanism in terms of which DL RS is used for the measurement. 

Proposal 3: When DL pathloss estimate is used for power control, PLc is calculated by 
· SS block before RRC connection setup.

· SS block and/or CSI-RS based on gNB configuration after RRC connection setup.

· FFS whether both SS block and CSI-RS can be used.

· FFS whether aperiodic CSI-RS/semi-persistent CSI-RS can be used.

Issue 3
In LTE, higher layer filtering has been used for PLc calculation in order to average out a random effects caused by shadowing and/or fading. In NR, higher layer filtering was adopted for mobility measurement as shown in Table 1 to reduce undesired ping pong effects. However, for beam measurement, it was agreed to use only L1 RSRP because the channels will have LoS condition with very high probability and not much randomness is expected. Also, higher layer filtering will increase latency for the measurement and considering the rate of beam change, the measurement accuracy will be degraded from higher layer filtering.
For PL measurement, both cases with higher layer filtering and without higher layer filtering need to be considered because at least for systems without hybrid beamforming architecture (e.g., below 6 GHz), higher layer filtering would be beneficial as in LTE. However, for systems with hybrid beamforming architecture (e.g., above 6 GHz), higher layer filtering may or may not be beneficial depending on scenarios such as UE rotation and/or speed. 
Proposal 4: For systems without hybrid beamforming architecture, higher layer filtering is used for PLc calculation. FFS, including configurability, for systems with hybrid beamforming architecture.
2.2 Discussion on fc(i)
LTE supports two different modes: accumulative TPC command (available for PUSCH, PUCCH and SRS) and absolute TPC command (available for PUSCH only). For LTE PUSCH, the switch between these two modes is semi-statically configured for each UE by RRC signaling. Accumulative TPC command is well-suited to fine-tuning of the transmission power and can be applied to situations where a UE receives power control commands in groups of successive subframes. On the other hand, absolute TPC command is suited to scenarios where the scheduling of the UE’s UL transmissions can be intermittent. So, these two modes can be reused in NR.
Proposal 5: NR PUSCH power control supports both accumulative TPC and absolute TPC commands and the switch between these two modes is semi-statically configured for each UE. 

In LTE, fc(i) is calculated as the following:

· For accumulative TPC command,  fc(i) = fc(i – 1) + δPUSCH,c(i – KPUSCH)
· For absolute TPC command,  fc(i) = δPUSCH,c(i – KPUSCH) 
δPUSCH,c(i – KPUSCH) is signaled on PDCCH with DCI on subframe i – KPUSCH and the value of KPUSCH is fixed, e.g., for FDD KPUSCH = 4 and for TDD, KPUSCH is per-defined in the specification depending on DL/UL configurations. 
On the other hand, NR supports variable TTI length, e.g., a slot or variable number of symbols which can have same numerology or different numerologies. Also, NR supports a dynamic TDD slot structure including a.k.a. a self-contained slot structure. So, different from LTE, KPUSCH needs to be signaled by gNB depending on the slot structure that the gNB intends to operate or be implicitly derived based on the timing of an associated transmission from the UE (PUSCH/SRS for TPC commands in UL DCI, PUCCH for TPC commands in DL DCI). Also, KPUSCH for group-common power control as LTE DCI format 3/3A should be considered.
Proposal 6: KPUSCH is either signaled (by FFS DCI, RRC, or a combination) or implicitly derived by the timing of a transmission scheduled by the DCI that includes the TPC command.

Another issue on accumulative TPC command would be a UE’s behavior when the UE resets accumulation. In LTE, a UE shall reset accumulation at least for the following case: 
· For serving cell c, when PO_UE_PUSCH,c value is changed by higher layers.

On top of the above UE’s behavior, NR needs to discuss whether or not accumulation has to be reset for different numerologies/services, different beam-pairs (or beam-pair groups), different waveforms and any combination of them. In a hybrid beamforming system, different beam-pairs (or different beam-pair groups) can experience different channel characteristics and the event that a serving beam-pair is changed can be seen as one that a serving sector (or a serving cell) is changed. So, accumulation has to be reset when a beam-pair used for PUSCH transmission is changed. However, it is doubtful to reset accumulation for different numerologies and different waveforms.
Proposal 7: For accumulative TPC for NR PUSCH, a UE shall reset accumulation at least for the following cases: 

· For serving cell c, when PO_UE_PUSCH,c value is changed by higher layers.
· For serving cell c, when the beam-pair (QCL) used for PUSCH transmission is changed.

2.3 Others
For different modulations
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 [2], 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 7: Request RAN4 to consider impact of pi/2 BPSK DFT-S-OFDM with spectrum shaping in defining PCMAX,c(i).
For PHR

Power headroom reports (PHR) from a UE enable a gNB to determine how much power the UE has available. This can enable proper link adaptation for the UE. The same objective needs to be ensured in NR as discussed in [3].

3 Conclusion
In this contribution, we have discussed UL power control framework for NR PUSCH and the following were proposed:
Proposal 1: LTE power control formula and corresponding terminologies are reused for NR power control of PUSCH.

· PUSCH transmit power, 
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· FFS for non-slot-based transmissions
· FFS on NR PUCCH and SRS
Proposal 2: PLc can be either the DL pathloss calculated by the UE or the UL pathloss calculated by the gNB and configured to the UE.
Proposal 3: When DL pathloss estimate is used for power control, PLc is calculated by 
· SS block before RRC connection setup.

· SS block and/or CSI-RS based on gNB configuration after RRC connection setup.

· FFS whether both SS block and CSI-RS can be used.

· FFS whether aperiodic CSI-RS/semi-persistent CSI-RS can be used.

Proposal 4: For systems without hybrid beamforming architecture, higher layer filtering is used for PLc calculation. FFS, including configurability, for systems with hybrid beamforming architecture.
Proposal 5: NR PUSCH power control supports both accumulative TPC and absolute TPC commands and the switch between these two modes is semi-statically configured for each UE. 

Proposal 6: KPUSCH is either signaled (by FFS DCI, RRC, or a combination) or implicitly derived by the timing of a transmission scheduled by the DCI that includes the TPC command.

Proposal 7: For accumulative TPC for NR PUSCH, a UE shall reset accumulation at least for the following cases: 

· For serving cell c, when PO_UE_PUSCH,c value is changed by higher layers.
· For serving cell c, when the beam-pair (QCL) used for PUSCH transmission is changed.
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