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1. Introduction
This is a revised contribution from R1-1715651. During NR WI, following agreements has been made for NR UL power control. 
Agreements: (RAN1#87)
· Further study on:

· Numerology specific power control

· e.g. numerology specific power control parameters

· Beam specific power control parameters

· Power control for other RSs and physical channels

· Power control for grant free PUSCH if supported
· Power control per layer (group)

Agreements: (RAN1#88)
· NR supports beam specific power control as baseline.

· FFS details especially regarding handling layer/layer-group/panel specific/beam group specific/beam pair link specific power control

· FFS whether to apply open loop only, closed loop only, or both

· Waveform (CP-OFDM vs. DFT-s-OFDM) specific power control for a UE, e.g., PHR, offset needs to be studied in WI.
Agreements: (RAN1#88bis)
· For beam specific power control, NR defines beam specific open & closed loop parameters. 

· FFS: details on beam common parameter(s)

· Note: Agreed on RAN1 #88 FFS details on “beam specific”, especially regarding handling layer/layer-group/panel specific/beam group specific/beam pair link specific power control

· gNB is aware of the power headroom differences for different waveforms, if the UE can be configured for both waveforms.

· FFS: offset configured/specified, reported, 

· FFS on the details of power control parameters for example, P_c, Max or other open/closed loop parameter

Agreements: (RAN1 NR Ad-Hoc #2)
· In NR, PUSCH and at least some type(s) of SRS can share same closed loop power control command from gNB

· FFS details, e.g., the type(s) of SRS, beam related aspects, etc.

· In NR, PUSCH and PUCCH rely on independent closed loop power control commands from gNB

· Study aspects related SRS carrier switching
· UE’s power headroom report is based on the corresponding PUSCH transmission(s)
· FFS details
Agreements: (RAN1 NR Ad-Hoc#3)
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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

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
In general, similar as LTE, fractional UL power control with closed loop TPC is supported in NR, also considering the similarity between NR and LTE, the LTE power control scheme can be used as the baseline. However, as NR aims to support quite a lot of new features compared to LTE, including multiple numerologies and transmission durations, support of multiple UL waveforms, support of bandwidth parts, support of analog beam forming at mmWave, etc, the UL power control framework should be enhanced to support these features. This contribution presents our view on the design of NR UL power control framework. 
2. Discussion
2.1. On multiple numerologies/transmission durations
In LTE, only 15kHz SCS is supported while in NR multiple SCS options are supported from 15kHz to at least up to 120kHz. At the same time, different transmission durations are supported in NR since both the number of symbols within a TTI and the length of an OFDM symbol may vary according to the target use cases and services. eMBB and URLLC traffics may use different numerologies, e.g. 15kHz SCS for eMBB and 60kHz for SCS for URLLC. Alternatively, eMBB and URLLC traffics may use the same numerology, e.g. 15kHz but different transmission durations, e.g. slot based transmission for eMBB and mini-slot based transmission for URLLC. As eMBB and URLLC has different reliability target, it is natural to allow separate power control parameters for different numerology, as well as different transmission durations. It has been agreed that different PUSCH transmission may use different open loop parameters, indexed by j, which can be service/numerology/beam specific. For a given UE, multiple transmission durations/numerologies/beam may be configured and dynamic switching is possible based on gNB scheduling, therefore for each PUSCH transmission, the open loop parameter applied should be determined dynamically. Either explicit or implicit determination methods can be considered. In an explicit method, the applied open loop parameter index j is signaled in the UL grant for PUSCH scheduling. In an implicit method, the linkage between a numerology/transmission duration/beam with an open loop parameter index j is preconfigured by RRC and UE applies the power control parameter accordingly. However, as one transmission format (i.e. numerology/transmission duration) may be used for more than one service, e.g, mini-slot based transmission can be used for either eMBB or URLLC traffics, more flexibility can be provided by explicit signaling method. 
Proposal 1:
· A UE can be configured with multiple open loop power control parameter (Po, Alpha) set and UL grant indicates the index of the parameter set which is used for the scheduled PUSCH. 
2.2. On multiple waveforms
It was agreed that for a given UE’s PUSCH transmission, either CP-OFDM or DFT-S-OFDM can be configured by the network. However, it is not clear at the current stage how fast/frequent such waveform switch is expected for a given UE. By default the waveform switch can be RRC based, which means a rather slow switch. In this case the UE PHR calculation and reporting can be based on the current PUSCH transmission, as agreed in RAN1 Adhoc#2. During the waveform switch period the network can make conservative scheduling until the PHR reporting based on newly applied waveform is available. Therefore, to support semi-static waveform configuration, current agreement on PHR reporting seems sufficient, i.e. UE reports PHR based on the corresponding PUSCH transmission. 
It was proposed that dynamic switch, e.g. L1/L2 signaling based, between CP-OFDM and DFT-S-OFDM is beneficial and should be supported in NR. First of all, the necessity of such dynamic waveform switch should be carefully studied and well justified. Secondly, due to the power backoff difference between the two waveforms, ideally gNB should know the expected UE power backoff change before making the dynamic switch, it does not make sense to make the switching decision blindly. To provide more knowledge to the gNB, UE may be required to calculate and report two PHRs, including an actual PHR based on the current scheduled waveform and transmission property (resource allocation, MCS, etc.), and a virtual PHR based on the non-scheduled waveform and a assumed transmission property. The additional overhead on PHR reporting should be considered when studying the necessity of dynamic waveform switch. 
Proposal 2:

· RAN1 further study the necessity of dynamic waveform switch and the corresponding implication to the PHR reporting. 
2.3. On bandwidth parts
It was agreed that a UE can be configured with multiple bandwidth parts but is dynamically signaled the activated bandwidth part by L1 or L1 signaling. Additionally, the case with single active banwidth part is prioritized. The dynamic bandwidth part adaptation may include the banwdith adaptation or bandwidth part ’jumping’. The configured multiple bandwidth parts may use the same or different numerologies. 
As discussed before, different numerology may require a separate UL power control parameter setting, which means the UL power control parameter can be configured per banwdith part. In addition, differnt banwdith parts may experience differnt interference situation (for both intra-cell and inter-cell), as well as considering differnt banwdith parts may be received by different TRPs at the network side. Therefore it is reasonable to support banwidth part specific power control, which includes the open loop parameters (e.g. Po and alpha), and potentially closed power control loop as well. 
Proposal 3:

· NR supports bandwidth part specific UL power control, including the Po and alpha, as well as closed power control loop. 
2.4. On multiple beam operation
In LTE, the SRS shares the PUSCH power control parameter with additional open loop offset, the closed loop component shares the PUSCH as well. In NR, SRS can be used for CSI acquisation and beam management, different purpose may need different power control parameters. For UL beam management, same SRS transmit power on differnt beams are needed to select best beams, while different SRS transmit power may be required for CSI acquisation are needed to reflect the CQI for PUSCH transmission. It means that SRS power for beam management should be decoupled from PUSCH and SRS for CSI aquisition. 
When UL/DL beam corrspondance is not holding, UL beam management is of great importance. From the point view of gNB, during a period of an UL beam management procedure, same transmission power should be ensured to evaluate the best beam for UL transmission, while different transmission power can be configured for different UL beam management procedure. At least same open loop parameters can be configured for one SRS group which contains one or more SRS resources(s) for an UL beam management procedure. However, to reduce complexity at both gNB and UE side, also considering the timely TPC, it is not recommended to use beam specific close loop power control parameters configuration. 
Addtionally, in the case of one SRS group is configured for UL beam management with common SRS transmit power, the PL reference should be defined. For the purpose of DL beam management, periodic CSI-RS and/or SS blocks can be configured for DL beam measurement and reporting. PL calculation can base on those periodic signals. The PL reference can be determined by either determined by the UE, or configured by the gNB.

1) PL reference determined by the UE. UE determines the PL reference within the configured  monitoring DL beams based on a specified behavior, e.g. the DL beam with the largest pathloss, or averaged pathloss among the configured DL beams.
2) PL reference determined by the gNB. gNB directly configures the DL beam by which the UE meaures pathloss and use it to derive the transmit power of SRS for UL beam management. 
Proposal 4:

· For a SRS group used for UL beam management, 
· At least common open loop parameters should be configured, including Po and alpha. 
· PL reference to derive the SRS transmit power is determined by UE or configured by gNB. 
It was agreed that beam specific open loop power control parameters are supported in NR. However, to guarantee the sufficient power control rate according to the channel gain and interference properties, especailly in the case of multi-beam scenario, close loop power control related parameters ΔTF,c and fc can be configured commonly for a QCLed beam group. In multi-TRP case, the channel variance and interference seen by different TRPs may be different, it is useful to support separate closed loop power control for different TRPs, in orther words, non-QCLed beams. Regarding to absolute and accumulative TPC, absolute TPC adjustment can achieve fast power control compare to accumulative TPC adjustment, which is particularly useful for dyanmic beam switching or fast fading channel scenario. Consequently, beam specific absolute TPC commend mode should be supported.
Proposal 5:

· NR support following functionalities for closed loop UL power control,

· Within a QCL-ed beam group, the closed loop UL power control should be jointly accumulated. 

· Different closed loop UL power control can be separately accumulated for different QCL-ed beam group.
· NR supports beam specific absolute TPC commend mode.
Similar as LTE system, in LF, the power control parameter Pc,max reflects maximum UE transmission power, there is no need to be configured for per beam. However, in HF, due to the effection of RF ICs and regulation, the definition of maximum UE transmission power changes to EIRP, as EIRP can reflect actual antanna gain. Consequently,  power control formula or Pc,max definition should take into acount beam-specific antanna gain. 
As open loop parameter and pathloss are derived separately for each UL beams, the power headroom for each beam can be different and is not predictable by the gNB. Consequently, beam specific PHR should be supported. To support dynamic beam switching and improve the accuracy of power control, beam specific virtual PHR also should be supported. 
Proposal 6:
· NR supports beam specific PHR.
· NR supports beam specific virtual PHR.

3. Conclusion

In this contribution, we present our view on the design of NR UL power control framework. Following proposals were made.
Proposal 1:
· A UE can be configured with multiple open loop power control parameter (Po, Alpha) set and UL grant indicates the index of the parameter set which is used for the scheduled PUSCH.
· Proposal 2:

· RAN1 further study the necessity of dynamic waveform switch and the corresponding implication to the PHR reporting. 
Proposal 3:

· NR supports bandwidth part specific UL power control, including the Po and alpha, as well as closed power control loop. 
Proposal 4:

· For a SRS group used for UL beam management, 
· At least common open loop parameters should be configured, including Po and alpha. 

· PL reference to derive the SRS transmit power is determined by UE or configured by gNB. 
Proposal 5:

· NR support following functionalities for closed loop UL power control,

· Within a QCL-ed beam group, the closed loop UL power control should be jointly accumulated. 

· Different closed loop UL power control can be separately accumulated for different QCL-ed beam group.

· NR supports beam specific absolute TPC commend mode.
Proposal 6:
· NR supports beam specific PHR.

· NR supports beam specific virtual PHR.
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