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1. Introduction

In RAN1#NR-AH3 the following was agreed. In this document, we provide our view on further aspects of NR power control framework.  
Agreements:
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· 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
2. Discussion
2.1. Beam-specific power control
In RAN1#88 and RAN1#88bis it was agreed that NR supports beam-specific power control as a baseline, and that beam-specific open and closed loop parameters are defined. In RAN1#89 is was agreed to support beam-specific path loss. However, details related to UL beam management are still under discussion in RAN1. 

For example, if the UE receives an UL grant in slot n for a PUSCH transmission in slot n+k2, if/how to specify the spatial parameters used by the UE to perform that PUSCH transmission has not yet been agreed. 

Similarly, if the UE receives PDSCH in slot n, and performs a PUCCH transmission carrying the corresponding HARQ-ACK in slot n+k1, if/how to specify the spatial parameters used by the UE to perform that PUCCH transmission has also not yet been agreed.

In our view, RAN1 should consider the above aspects together with the aspect of properly specifying ‘beam-specific’ parameters/path loss for power control.
In [1], we provide our view on UL beam indication for NR. In [2], we provide the corresponding details for a ‘beam-specific’ power control framework. Below we summarize, the key aspects.
Proposal

· The implicit/explicit UL beam indication mechanism(s) that the UE uses to determine UL spatial parameters for PUSCH/PUCCH transmissions should be reused for also determining the UL PC parameters (i.e., at least P0_PUSCH/P0_PUCCH(j) and PL(K)) for the corresponding transmissions. 

· For the cases where implicit/explicit UL beam indication mechanism is not available, UE uses a RRC configured P0_PUSCH/P0_PUCCH and RRC configured RS resource(s) configuration for path-loss measurement, to set its transmit power. 

2.2. Closed loop PC details
2.2.1 Multiple closed loops

In RAN1 NR AH#3, it was agreed to have up to N closed loops for NR PC. While N=2 was made as a working assumption, the exact use case/need for supporting multiple closed loops was unclear.  Below we consider some use cases that were discussed in the meeting.
· Beam-specific power control 

· Multiple closed loops may be suitable for UL multi-TRP operation (i.e., UE transmissions to two different TRPs). However, multi-TRP operation is down-prioritized for December NR Release.

· Different TPC loops for different sets of subframes

· This is similar to LTE eIMTA where different f() are applies to different subframe subsets. Similar operation can be possible for NR.

· Grant-based vs. grant-free PUSCH

Considering the above, our view is that NR can be operated without configuring multiple closed loops at least as a baseline and the configuration/usage of multiple closed loops varies based on the intended use case. For instance, for a eIMTA-like use case, different closed loops should be linked to different slots while this aspect does not apply for other two use cases. Finally, the need for having more than two closed loops is also not clear. 
Proposal

· NR power control framework should be designed assuming single closed loop (i.e., one f(), N=1) as a baseline.

· N=2 can be configured for the UE for specific use-cases (e.g. different TPC loops for different slot subsets, different TPC loops for grant-based vs. grant-free).
2.2.2 Value of TPC commands

In LTE, the 2 bit TPC commands are chosen from the set [-1dB 0dB 1dB 3dB]. For NR mmWave case, required UE transmit power can have larger fluctuations (e.g. due to sudden change in shadowing due to narrow beams, more pronounced antenna gain variations) compared to typical cellular use cases. Also, the tolerance that RAN4 will specify for achievable transmit power accuracy at >24GHz is unclear at this stage and if the tolerances are larger than those for LTE, then the utility of smaller TPC command step sizes (i.e., [-1dB 1dB]) is questionable.  Given this, a TPC command set with larger dynamic range (e.g. [-3dB 0dB 3dB 5dB]) should be considered for >24GHz operation.

Proposal

· LTE TPC command set [-1dB 0dB 1dB 3dB] should be reused at least for <6GHz operation.
· A TPC command set with larger dynamic range (e.g. [-3dB 0dB 3dB 5dB]) should be considered for >24GHz operation. 
Finally, we discuss additional design aspects related to closed loop TPC, i.e., how to reset TPC loop(s) and DCI 3/3A based operation in [3].

2.3. “Service-type” specific power control
“Service-type” or “traffic-type” associated with a UL data transmission is not visible to PHY layer in LTE. This is also the case for NR. However, NR does allow differentiation of physical layer configurations based on the logical channel type associated with the UL data payload (e.g. as described in [4]). In our view, similar differentiation should also be available for setting UE transmit power. One approach to achieve this is to indicate a ‘transmission profile’ in the UL grant (as described in [5]), which indicates a P0 (or a P0 offset) that corresponds to a power boost associated with the transmission profile. It should be noted that unlike a TPC command, the ‘power boost’ is only applied when data associated with a certain transmission profile is scheduled (i.e., it is not accumulative).
Proposal
· Support DCI signaling based on which PUSCH transmissions carrying data of higher priority logical channels can be given a power boost.
3. Conclusions
In this document, we discuss further details on NR power control framework and make the following observations and proposals.
· Observation 1

· RAN1 has not yet made agreements for the following cases 
· If the UE receives an UL grant in slot n triggering a PUSCH transmission in slot n+k2, if/how to specify the spatial parameters used by the UE to perform that PUSCH transmission has not yet been agreed.
· If the UE receives PDSCH in slot n, and performs a PUCCH transmission carrying the corresponding HARQ-ACK in slot n+k1, if/how to specify the spatial parameters used by the UE to perform that PUCCH transmission has also not yet been agreed.
· The above aspects should be considered in order to properly specify ‘beam-specific’ parameters/ ‘beam specific’ path loss for power control.
· Proposal 1
· The implicit/explicit UL beam indication mechanism(s) that the UE uses to determine UL spatial parameters for PUSCH/PUCCH transmissions should be reused for also determining the UL PC parameters (i.e., at least P0_PUSCH/P0_PUCCH(j) and PL(K)) for the corresponding transmissions. 

· For the cases where implicit/explicit UL beam indication mechanism is not available, UE uses a RRC configured P0_PUSCH/P0_PUCCH and RRC configured RS resource(s) configuration for path-loss measurement, to set its transmit power. 

· Proposal 2
· NR power control framework should be designed assuming single closed loop (i.e., one f(), N=1) as a baseline.

· N=2 can be configured for the UE for specific use-cases (e.g. different TPC loops for different slot subsets, different TPC loops for grant-based vs. grant-free).
· Proposal 3
· LTE TPC command set [-1dB 0dB 1dB 3dB] should be reused at least for <6GHz operation.
· A TPC command set with larger dynamic range (e.g. [-3dB 0dB 3dB 5dB]) should be considered for >24GHz operation. 
· Proposal 4

· Support DCI signaling based on which PUSCH transmissions carrying data of higher priority logical channels can be given a power boost.
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