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1. Introduction

Uplink power control mechanism was discussed in RAN1 AH#3 meeting with the following agreements:
Agreements:
For PL estimation, NR supports

· At least higher layer filtered RSRP is supported for PL estimation based on configured CSI-RS and/or SS block

· Note: Above includes the support for at least beam-specific RSRP measurement

· FFS: Whether L1 RSRP is additionally supported

· Note: Companies are encouraged to study the benefits of additionally using L1 RSRP for PL estimation

· FFS: Details on the L3 filter in NR specification (including whether to define or not) should be discussed in the mobility session

Agreements:
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· Sup
· Support at least  Pcmax,c(i), MPUSCH,c(i), P0,c(j), αc(j), PLc(k), ΔTF,c(i) for NR PUSCH power control for serving cell c
· i is slot number

· j  is the index of open-loop parameter

· K is the index of RS resource(s) for pathloss measurement

· FFS: exact Pcmax,c(i) definition and notation for above 6 GHz

· MPUSCH,c is related to the scheduled BW, FFS on the details

· ΔTF,c is for single layer transmissions

· Support up to N closed-loop power control processes, i.e.,  fc(i,l), for NR PUSCH power control for serving cell c 

· N=2 is working assumption

· l is the index of closed-loop power control process

· FFS: reset trigger, e.g., parameter set reconfiguration and/or explicit signaling

· FFS: linkage and indication of {j, k, l}, explicit/implicit signalling

· Note: Exact way to capture the details of the above proposal depends on the uplink beam management and the editor
Agreement:
· For NR-PUSCH

· Accumulative TPC command mode is supported.

· FFS: when UE has to reset fc(i)

· FFS on KPUSCH
Working Assumption:
· For NR-PUSCH

· Absolute TPC command mode is supported.

· FFS on KPUSCH
This contribution is revised of R1-1715675 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
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. 
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 for Tx beam sweeping at least in case without beam correspondence, the pathloss for one beam can be associated with one SRS resource. 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. In current agreement, the index for pathloss K is the index of RS resource(s) for pathloss measurement. To acquire beam-specific pathloss, it is preferred that K can be derived from the SRI in DCI. For j which is the index of open-loop parameter, it can also be derived from the same SRI if only beam-specific power control is applied.
Proposal 1: 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. 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. In this case, UE should use the Rx beam which was used to receive the DL RS as the Tx beam for UL signal without additional SRI signaling for UL Tx beam. However, if multiple SRS resources with different Tx beams are still configured to acquire UL Tx beam in case of beam correspondence, the SRI to indicate the Tx beam can be exploited to acquire pathloss instead of DL RS as discussed in propose 1. 
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 2: If beam correspondence is available, at most one SSB index or CRI or SRI (associated with K) can be configured for a UL signal to acquire pathloss estimation.

Proposal 3: If beam correspondence is unavailable, multiple RS (associated with K) 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. 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. For example, single set of {j, k, l} in the power control formula can be configured for the 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 4: For SRS for CSI acquisition, PC parameters for PUSCH can be reused except Po,SRS.

Proposal 5: 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: SRI in DCI can be used to acquire beam-specific pathloss and possibly other beam-specific PC parameters for PUSCH.

Proposal 2: If beam correspondence is available, at most one SSB index or CRI or SRI (associated with K) can be configured for a UL signal to acquire pathloss estimation.

Proposal 3: If beam correspondence is unavailable, multiple RS (associated with K) or additional pathloss compensation can be configured for a UL signal to acquire pathloss estimation.
Proposal 4: For SRS for CSI acquisition, PC parameters for PUSCH can be reused except Po,SRS.

Proposal 5: 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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