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1 Introduction
In RAN1 meeting AH3 [1], RAN1 continued the discussions related to the framework of the NR power control, and the following agreements were reached,
For PL estimation:
1. At least higher layer filtered RSRP is supported for PL estimation based on configured CSI-RS and/or SS block
0. Note: Above includes the support for at least beam-specific RSRP measurement
0. FFS: Whether L1 RSRP is additionally supported
0. Note: Companies are encouraged to study the benefits of additionally using L1 RSRP for PL estimation
0. FFS: Details on the L3 filter in NR specification (including whether to define or not) should be discussed in the mobility session

1. For PRACH/PUSCH/SRS on an SUL carrier associated with a NR DL/UL carrier, the range of the following values shall be sufficiently large to compensate the pathloss difference between the SUL carrier and the NR DL/UL carrier
1. Received target power for PRACH power control,
1. Po for PUCCH(if supported on SUL) power control, PUSCH power control, and SRS power control
1. FFS maximum pathloss difference to be compensated

Baseline PUSCH power setting:


· 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

· Accumulative TPC command mode is supported.
· FFS: when UE has to reset fc(i)
· FFS on KPUSCH

Moreover, the following working assumption was made for further discussion and consideration:
· For NR-PUSCH
· Absolute TPC command mode is supported.
· FFS on KPUSCH

In this contribution, we discuss the agreed baseline PUSCH power setting process, and provide our perspectives on configuration of DL reference signal(s) required for the pathloss measurement.
2 Discussion on PUSCH Power Control Framework 



[bookmark: _Ref129681832]While certain details of the agreed PUSCH power control expression is FFS, the spirit of the agreed baseline was mainly to capture the beam-specific aspects of the uplink power control process in NR. More specifically, NR agreements on estimation [2], [3] and [3] have been all developed to support multi-beam uplink transmission, and its impact on NR power control process. It was agreed that for a cell represented by index c, the baseline for PUSCH power setting mechanism is expressed as follows,




where i, m, k, , and l are the slot number, the index of open-loop parameter, index of RS resource(s) for pathloss measurement, the scheduled transmission bandwidth parameter, single layer MCS parameter and the index of closed-loop power control process, respectively. 

1 
2 
Service Dependency

In the above presentation, we replaced index j, used in the original RAN1 meeting AH3 agreement [1], with index m to avoid any confusion with the index j used in the LTE framework. In RAN1 meeting AH3, to facilitate the online discussion, the service type dependency of the power control process was intentionally left out only to be discussed following the baseline definition. For PUSCH transmission in LTE, three different settings for are considered that are identified by in index j [2]:

	“For PUSCH (re)transmissions corresponding to a semi-persistent grant then j=0 , for PUSCH (re)transmissions corresponding to a dynamic scheduled grant then j=1 and for PUSCH (re)transmissions corresponding to the random access response grant then j=2.”



Assuming a similar provision to support different PUSCH service options in NR, the power setting expression needs to be modified to cover various PUSCH service support. The definition and correspondence of j index require further discussion; however, the general expression should reflect the support for different services.
Proposal 1: NR power control process supports operation of different PUSCH services.
Closed-loop Process




In the agreed general PUSCH power setting expression, index l is meant to reflect multiplicity of the closed-loop power control processes in support of independent multi-beam uplink transmissions. Therefore, each received TPC command can be correctly linked to a specific closed-loop power control process, e.g., beam. Besides basic considerations for beam-based pathloss measurement, and , another important feature of multi-beam uplink transmission is that each beam process needs to be linked to its corresponding  value. As such, each beam can be assigned a different configured that would limit the max power transmission per beam. 


Moreover, the scheduler may consider different MCSs and transmissions bandwidths per closed-loop process. Hence,  and are also need to be correctly linked to their corresponding closed-loop operation.



Proposal 2: Each closed-loop power control process should be linked to an independent, and values. 

Proposal 3:  Considering proposals 1 and 2, the PUSCH power setting expression should be modified as follows;

 


where i, m, k, , , l and j are the slot number, the index of open-loop parameter, index of RS resource(s) for pathloss measurement, the scheduled transmission bandwidth parameter, single layer MCS parameter, the index of closed-loop power control process and service type index, respectively. 

3 RS Configuration for Pathloss Measurements  
In the agreed power control expression, index k represents the index of RS resource(s) used for the pathloss measurement. The configuration of the index k and its relation to other indices is still under the discussion, however it would be important to have an efficient mechanism for configuration of DL reference signals required for pathloss measurements. As part of beam-management discussion [1], it has been agreed that a UE is RRC configured with a list of up to M candidate Transmission Configuration Indication (TCI) states at least for the purposes of QCL indication. Each TCI state can be configured with one RS set, and each DL RS in the RS set can refer to (at least) SSB, periodic CSI-RS, aperiodic CSI-RS or semi-persistent CSI-RS.
[bookmark: _GoBack]An RS configured in a TCI state corresponds to a DL beam obtained from beam management procedure. At least when beam correspondence holds, such DL beam should be suitable for path loss measurement for the purpose of open loop power control. Therefore, it seems natural that at least a periodic CSI-RS configured for a TCI state can be used to support beam specific path loss calculation for power control. This approach can easily support dynamic switching between beams that are independently power controlled. The association could be by including a field in the DCI, or implicit from the CORESET in which the PDCCH was decoded.
Proposal 4: Path loss calculation for beam-specific power control uses a RS configured for a TCI state (e.g. periodic CSI-RS).
Since the TCI state already contains the RS for path loss calculation, it would be useful that other parameters used for (open-loop) power control are also configured as part of the TCI state, to the extent that such parameters are beam-dependent.
Proposal 5: A TCI state configured with RS used for beam-specific power control is also configured with parameters P0 and alpha.
4 Conclusion
In this contribution, we discuss the agreed baseline PUSCH power setting process, and also provide our perspectives on configuration of DL reference signal required for the pathloss measurement. Based on the presented discussion, following proposals are made,
Proposal 1: NR power control process supports operation of different PUSCH services.



Proposal 2: Each closed-loop power control process should be linked to an independent, and values. 
Proposal 3:  Considering proposals 1 and 2, the PUSCH power setting expression should be modified as follows;

 


where i, m, k, , , l and j are the slot number, the index of open-loop parameter, index of RS resource(s) for pathloss measurement, the scheduled transmission bandwidth parameter, single layer MCS parameter, the index of closed-loop power control process and service type index, respectively. 

Proposal 4: Path loss calculation for beam-specific power control uses a RS configured for a TCI state (e.g. periodic CSI-RS).
Proposal 5: A TCI state configured with RS used for beam-specific power control is also configured with parameters P0 and alpha.
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