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1. Introduction

Uplink power control mechanism was discussed in RAN1 #90 meeting with the following agreements:
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 is revised of R1-1713246 with update according to the latest agreements. In this contribution, we discuss the remaining issues on uplink power control for PUSCH/PUCCH/SRS.
2. Discussion
2.1. Power control for PUSCH/PUCCH
It was agreed that gNB can configure one or multiple P0 values and one or multiple alpha values for open-loop power control. If multiple values are configured, the used value can be indicated by gNB considering current beam(s), waveform, service type or even numerology for PUSCH.  For different scenarios, the P0 values and alpha values may or may not the same. From the aspect of simplifying signaling design, it is preferred that sets of open-loop parameters {P0, alpha} can be configured for different scenarios instead of independent configuration of P0 values and alpha values. If needed, the same value of P0 or alpha could be configured for different sets. The parameter set used for current PUSCH could be indicted via RRC signaling or DCI signaling.
Proposal 1: One or multiple sets of {P0, alpha} values could be configured for PUSCH for a UE.
Beam-specific pathloss was agreed in RAN1#89 meeting. When different Tx beams are used for UL transmission, it is clear the pathloss of the UL signal would be different. To acquire the pathloss for different Tx beam, different DL signal may be used for measurement. The pathloss estimation for a UL beam may be derived from a DL signal (beam) or multiple DL signals (beams). Therefore, the pathloss should be specified for each UL Tx beam, no matter which or how many DL beams are used for the pathloss estimation. Furthermore, it is not needed to introduce Rx beam associated pathloss since Rx beam is transparent for UL transmission. 
There is another issue that how to acquire the pathloss estimation for each UL Tx beam. Since gNB would configure multiple SRS resources transmitted with different Tx beams, the pathloss for one beam can be associated with one SRS resource. For example, the pathloss can be estimated based on the CSI-RS with DL BPL symmetric with the UL BPL of associated SRS resource if beam correspondence is available. Then for a PUSCH transmission, the SRI in DCI which indicates the Tx beam of the PUSCH could also be used to acquire the beam-specific pathloss. If multiple parameter sets {P0, alpha} are introduced to support beam specific OLPC, each parameter set can also be associated with a SRI or a SRS resource for beam management. The SRI in DCI could also be used to indicate the corresponding beam-specific OLPC parameters for PUSCH.
Proposal 2: SRI in DCI can be used to acquire beam-specific pathloss and possibly other beam-specific PC parameters for PUSCH.

In LTE, the pathloss for UL signal is estimated based on CRS. In NR, considering different beams may be used for UL and DL, whether pathloss estimated from DL RS can be directly applied to uplink power control needs further study. If beam correspondence is hold at gNB and UE, it can be assumed that the large scale pathloss of DL RS and UL RS is similar, and the pathloss derived from a DL RS can be applied to power control of UL signal using symmetric BPL. In this case, UE should use the Tx beam for the UL signal to receive the DL RS. If UE only reports single best beam during downlink beam management, the corresponding DL RS could be used for pathloss estimation of PUSCH without gNB indication. If multiple beams are reported, gNB needs to indicate the DL RS used for pathloss estimation for a UL signal to exploit beam correspondence in gNB. Both SS block, periodic CSIRS, semi-persistent CSI-RS and aperiodic CSI-RS could be used for pathloss estimation.
On the other hand, if beam correspondence is unavailable in gNB or UE, it can’t be assumed that the pathloss is reciprocal between UL and DL. Since different beams would be used for Tx and Rx at a node, there would be significant difference between actual UL pathloss and estimated DL pathloss based on a DL signal. UE may use some statistical method to estimate the approximate pathloss, e.g. calculate the pathloss based on multiple DL pathloss derived from different DL RS. gNB may also need to provide some complementary information to UE. For example, gNB could estimate UL pathloss based on UL signal, and provide the information to UE or modify the PC parameter accordingly for UE.
Proposal 3: If beam correspondence is available, one or none of DL RS is configured for a UL signal to acquire pathloss estimation.

Proposal 4: If beam correspondence is unavailable, multiple DL RS or additional pathloss compensation can be configured for a UL signal to acquire pathloss estimation.

2.2. Power control for SRS
SRS could be used for UL CSI acquisition (e.g. RI/PMI/CQI calculation and resource scheduling) or UL beam management (e.g. Tx/beam sweeping). For SRS for UL CSI, it is straightforward that the pathloss and PC parameters applied to PUSCH should be reused as much as possible to avoid the mismatch between UL CSI and PUSCH transmission. For UL beam management, a group of SRS resources using different Tx beams can be configured by gNB. gNB could select at least one out of the group with best quality and inform it to UE to determine Tx beam of PUSCH. For gNB to correctly select the best beam via receiving quality, it is expected that the same transmit power is applied to the SRS resources within a SRS resource group for Tx beam sweeping or Rx beam sweeping. 
To achieve the same transmit power within a group, two methods can be considered. In one method, beam-common pathloss and power control parameters could be specified for SRS resources within a group. For example, pathloss associated with one beam can be applied to all the SRS resources in the same group, or single power control process can be configured for one group. In the other method, a reference transmit power can be defined for a SRS resource group and used for transmission of all SRS resources. For example, a reference SRS resource can be configured by gNB for a group or a SRS resource, and then the SRS resources within the group  or the SRS resource would use the same transmit power as the reference SRS resource. 
Proposal 5: For SRS for CSI acquisition, PC parameters for PUSCH can be reused except Po,SRS.

Proposal 6: For a SRS resource group for UL beam management, the same transmit power is applied to the SRS resources within the group via one of:

· Option 1: Group specific pathloss and PC parameters, or
· Option 2: Define a reference transmit power or SRS resource for a group
3. Conclusions
In this contribution, we discuss the uplink power control for different types of UL signal. We have the following proposals:
Proposal 1: One or multiple sets of {P0, alpha} values could be configured for PUSCH for a UE.
Proposal 2: SRI in DCI can be used to acquire beam-specific pathloss and possibly other beam-specific PC parameters for PUSCH.
Proposal 3: If beam correspondence is available, one or none of DL RS is configured for a UL signal to acquire pathloss estimation.

Proposal 4: If beam correspondence is unavailable, multiple DL RS or additional pathloss compensation can be configured for a UL signal to acquire pathloss estimation.
Proposal 5: For SRS for CSI acquisition, PC parameters for PUSCH can be reused except Po,SRS.

Proposal 6: For a SRS resource group for UL beam management, the same transmit power is applied to the SRS resources within the group via one of:

· Option 1: Group specific pathloss and PC parameters, or

· Option 2: Define a reference transmit power or SRS resource for a group
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