[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting NR-AH#3                                                                                      R1-1716535
Nagoya, Japan, 18th – 21st, September 2017

Source:	Panasonic
Title: 	Discussion on NR power control framework
Agenda Item:		6.7.1
Document for:	Discussion 
Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#90, the following were agreed on NR power control framework [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

In this contribution, we discuss X-specific power control and parameter setting for NR. “X” here means waveform, numerology or beam.

Discussion
X-specific power control for NR
LTE UL PC with fractional power control has been agreed as framework for NR UL PC. The PUSCH transmission power in LTE for sub-frame i and serving cell c is defined by [2] as follows.

 [dBm] 







where  is configured maximum transmit power,  is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks,  is the targeted power composed of the sum of cell-specific parameter and UE-specific parameter, is PL compensation factor,  is the downlink pathloss estimate calculated in the UE in dB,  is transport format compensation (i.e., MCS) factor and  is either absolute or accumulative value of TPC command.

Compared with LTE, NR needs to consider more complicated cases, e.g. multi-numerology, multi-beam (multi-panel), two waveforms (CP-OFDM, DFT-S-OFDM), multi-service/traffic (eMBB, URLLC). We discuss how they could be reflected in the transmit power formula. We focus on the power control for PUSCH. 

Waveforms specific power control

As described in [3], the SNR operation point difference between two waveforms in PUSCH decoding increases when modulation order increases. For 16QAM and 64QAM, the SNR difference may exceed 2dB between CP-OFDM and DFT-S-OFDM. Therefore, it is reasonable to introduce waveform specificto NR. 

Proposal 1: NR power control should support waveform specific.

Numerology-specific power control



The power spectrum density (PSD) is defined as power per frequency unit or bandwidth. PSD is different in case of different subcarrier spacing (SCS) if  is expressed in PRB. Therefore, NR power control formula need include SCS adjustment factor. This factor is used at least to compensate the PSD flatness loss due to SCS change. Moreover, the performance difference among SCSs is not always scaled only to the PRB bandwidth because the resistance to phase noise, slot length and so on could also be different in different SCS. For example, the resistance to phase noise becomes stronger if SCS becomes larger. Therefore, semi-static adjustment among SCSs is required. This can be realized by  which is configurable or the introduction of additional semi-static SCS adjustment configuration parameter.

Proposal 2: NR power control should include configurable SCS adjustment factor. This factor is used at least to compensate the PSD flatness loss due to SCS change and to reflect the performance difference among SCSs like resistance to phase noise, slot length and so on. 

Multi-beam/BPL specific power control




 is configured with taking into account the target SINR of PUSCH. When the interference of each beam or BPL is different, the beam specific  is required to meet the target SINR. It is reasonable to keep cell-specific parameter () and introduce beam specific UE-specific parameter (). 


In single TRP DL/UL transmission case,  should be common among beams because the path loss can be estimated each beam or BPL. In multi TRP DL transmission case, NR power control should support beam specificbecause different TRP correspond to different "cell" like operation from power control perspective. This allows power/interference sharing between the area correspond to each TRP. 






 can be used to compensate interference variation, gNB Tx-Rx antenna and RF gain difference, UE Tx-Rx antenna and RF gain difference or beam direction specific gain difference, etc. Therefore, NR power control should support beam specificbecause these compensate gain are beam specific. However, to have for each beam is very costly on UE complexity and the signalling overhead. Then, at least some of beam specific  should be common considering antenna/RF deployment realization or/and the relation between BPL and TRP. For example, independent  would be used in among BPLs of different TRPs. In this case, when BPL switching occurs between different TPRs,  should be reset. 


Beam specific would not be required because this value is dependent of transport formats and not dependent of beam. Therefore, NR power control should support beam common.




Proposal 3: NR power control should support beam specific, and. These parameters should be configured considering the relation between BPL and TRPs. Different  is required only when multiple DL TRPs are supported. 

Proposal 4: NR power control should support multiple. 

Proposal 5: NR power control should support beam common.

PC parameter setting



PC parameter contains various components (i.e.,,,) and the value of components could be different based on numerology, beam and waveform as discussed above. To reduce the UE complexity and signalling overhead, NR should support one or multiple PC parameter sets, which are sets of the components of PC parameter for specific combinations of beam. Each PC parameter set has one closed loop TPC command. The closed loops could be mapped to different beams, and/or numerology. The PC parameter sets could be indicated to UE by higher layer signalling and UE could switch the power control set dynamically by DCI. The choice of the PC parameter setting is up to gNB implementation. Therefore, gNB can map a PC parameter set to single beam or multiple beams. To reduce more signalling overhead, limitation of the number of PC parameter set is required. 
Proposal 6: NR should support configuration of PC parameter sets, each of which has one independent closed-loop TPC command. A PC parameter set is mapped to single beam or multiple beams is up to gNB.

Other
Above discussion is based on PUSCH. For SRS and PUCCH, above proposals or LTE principle can be the baseline. PUSCH and SRS for CSI acquisition should share PC parameter setting including closed loop TPC command for link adaptation.
For PHR reporting and triggering, beam specific power control is supported in NR as baseline, so some PC parameters could be beam specific as above proposals. Therefore, beam specific PHR is beneficial for accurate power control. However, the additional overhead on PHR reporting should be considered.

Conclusion
In this contribution, we discussed X-specific power control and parameter setting for NR and we have the following proposals: 

Proposal 1: NR power control should support waveform specific.

Proposal 2: NR power control should include configurable SCS adjustment factor. This factor is used at least to compensate the PSD flatness loss due to SCS change and to reflect the performance difference among SCSs like resistance to phase noise, slot length and so on. 




Proposal 3: NR power control should support beam specific, and. These parameters should be configured considering the relation between BPL and TRPs. Different  is required only when multiple DL TRPs are supported. 

Proposal 4: NR power control should support multiple. 

Proposal 5: NR power control should support beam common.
Proposal 6: NR should support configuration of PC parameter sets, each of which has one independent closed-loop TPC command. A PC parameter set is mapped to single beam or multiple beams is up to gNB.
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