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Introduction
At RAN1 NR AH#3 meeting, the following agreements were reached on NR UL power control [1].
Agreements on power control framework:


· 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
Agreements:
· 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

Agreement:
For PL estimation, NR supports
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
Agreement:
· 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
· Received target power for PRACH power control,
· Po for PUCCH(if supported on SUL) power control, PUSCH power control, and SRS power control
· FFS maximum pathloss difference to be compensated

In RAN1#90 meeting, the following agreements were made on power sharing for LTE-NR [2].
Agreements on power sharing mechanism:
· At least for LTE-NR NSA operation
· Maximum allowed power values for LTE (P_LTE) and NR (P_NR) are set separately
· i.e., when UE is configured for NR, P_LTE can be configured up to P_cmax and  P_NR can be configured up to P_cmax. 
· e.g. P_LTE + P_NR > P_cmax or P_LTE + P_NR = P_cmax
· Signaling details for P_LTE, P_NR are left to RAN2, RAN4.
· Note: ‘P_cmax’ is a limit that is similar to ‘The configured maximum UE output power’ that was specified for LTE.
· Note: The network will still have flexibility to prioritize or reserve certain NR transmission power depending on network implementation
· All UEs are mandated to handle P_LTE + P_NR = P_cmax while handling of P_LTE + P_NR > P_cmax depends on UE capability
· At least, when DL/UL LTE sTTI/reduced UE processing time based operation is not configured for the UE, if total transmit power exceeds P_cmax when there is simultaneous NR and LTE UL tx, 
· For NR, UE scales down/drops NR transmission and NR power scaling details are left to UE implementation (note: it is not intended to have RAN4 test from RAN1 perspective)
· If there are two or more UL carriers, the power scaling or tx dropping can be performed for each of the UL carriers separately or jointly up to UE implementation
· For LTE, no change in power control procedure
· FFS the case when DL/UL LTE sTTI/reduced UE processing time based operation is configured for the UE
· The following is FFS
· The case when P_NR is configured such that P_NR < P_cmax, and UE can use power up to P_cmax in NR when it knows that there will be no UL transmission in LTE by semi-static configuration (e.g., measurement gap, DL/UL configuration)
Based on the submitted contributions in RAN1 #90b for this agenda item ([3]-[39]), at least the following issues are identified and summarized in the following sections. 
Key issues in NR for PC
Key issue 1: linkage and indication of {j, k, l} for PUSCH
	1. Alt1: Implicit indication of j, l + explicit indication of k  Huawei
1. j, l: according to specific transmission property combination, without explicit signaling
1. k: indicated based on DCI and/or RRC
1. Alt2: explicit configuration of linkage and implicit indication of {j, k, l}
2. l is associated with TX beam group indication (e.g. SRI), open-loop parameter set (j) and RS resources(s) for PL (k) by higher layer signaling. ZTE, LG, ITL
2. l and/or TX beam indication are indicated by DCI ZTE, LG, Intel, ITL
1. Alt3: j: Multiple open-loop parameters are configured by RRC, DCI is used to indicate one of them.  NTT DOCOMO, vivo


Additionally, the values of j, k, l have been discussed as follows:
3.  N=2, i.e., confirming last meeting working assumption  Ericsson, ZTE, CATT
3. l = j	 NTT DOCOMO, ZTE
3.  K>N, where K is the maximum number of k	 ZTE
Also, one revised framework for PUSCH agreed in last meeting has been recommended by InterDigital




[bookmark: _GoBack]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-1: For N closed-loop power control processes, i.e.,  fc(i,l), for NR PUSCH power control for serving cell c, the following working assumption is confirmed:
· N=2
Proposal-2: For power control for PUSCH, M linkages for combination of {j,k,l} can be RRC configured
· One of these M linkages (if M>1) can be explicitly or implicitly indicated by the following candidate signaling
· Alt-1: MAC-CE
· Alt-2: DCI 
· Notes that j  is the index of open-loop parameter, k is the index of RS resource(s) for pathloss measurement, and l is the index of closed-loop power control process

Key issue 2: power control for NR PUCCH
1. Define a unified power control formula for short PUCCH and long PUCCH, the formula for PUCCH format 4/5 in LTE could be reused as a baseline. ZTE
1. Define beam specific PUCCH PC from {j,k} in a similar way as PUSCH PC. Ericsson
1. PL: 
6. The same PL measurement for short PUCCH and long PUCCH. ZTE
6. Pathloss for PUSCH/PUCCH are not restricted to be measured from the same RS: Nokia
6. RS resource configuration for PL for PUCCH should include RS type (e.g. CSI-RS and/or SS block) Huawei
6. L1 RSRP 
3. It should be supported for PL estimation based on CSI-RS and/or SS block. Huawei, Samsung
3. The actual performance gain needs being shown by evaluation if L1 RSRP is introduced for pathloss computation. Nokia
6. The actual performance gain needs being shown by evaluation if L1 RSRP is introduced for pathloss computation. Nokia
6.  RS resource index for PL for PUCCH can be determined by the UL resource configuration with DCI and RRC. Huawei
6. The association between RS resource for PL and UL resource configuration should be based on QCL assumption between antenna port of RS for PUCCH and DL RS (e.g. CSI-RS and/or SS block) Huawei
6. PL compensation for asymmetric UL/DL should be supported. Huawei, Samsung
6. SRI in DCI can be used to acquire beam-specific pathloss and possibly other beam-specific PC parameters for PUSCH. OPPO
6. 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. Otherwise (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. OPPO
1. [image: ] 
7. could be shared between short PUCCH and long PUCCH. ZTE
7. Separated closed loop power control or TPC commands between PUSCH and PUCCH: CMCC
1. P0
0. Alt1: same for short PUCCH and long PUCCH. ZTE
0. Alt2:  or  should be configured differently for short PUCCH and long PUCCH Qualcomm, Samsung (different P0_PUCCH)
1. New parameter(s) different than LTE PUCCH power control formula
0. A scaling factor for multiple subcarrier spacing values CATT, Intel, Panasonic
0. A scaling factor for long PUCCH with various number of symbols Intel, Samsung

Framework of power control for PUCCH 
	Alt1 (recommended by Huawei):


· Support at least Pcmax,c(i), MPUCCH(i), P0,PUCCH, h(nUCI),  PL(k), ΔF_UCCH(F) and g(i) for NR PUCCH power control for serving cell c
· i is slot number
· k2 is the index of RS resource(s) for pathloss measurement
· k2 can be indicated with DCI and/or RRC
· MPUCCH ≥1 is related to the PRB number 
· F denotes the specific transmission format (e.g. long/short and/or PRB number)

Alt2 (recommended by ZTE):

 [dBm]
· [image: ], bandwidth of PUCCH, in number of RB 
· [image: ], data rate or MCS related parameter, FFS details
· [image: ], PUCCH format related parameter, FFS details
· [image: ], closed-loop power control parameter, similar to f(i, l) in PUSCH
· [image: ], pathloss measurement configuration, similar to [image: ]in PUSCH
· [image: ], the UE specific part of P0 should be the same for short PUCCH and long PUCCH

Alt3 (recommended by Intel): focused on long PUCCH for 1 – 2 bits HARQ-ACK

 [dBm].
· 

,a scaling factor to adjust the transmission power in accordance to the long PUCCH duration, where  represents the number of DFT-s-OFDM symbols carrying the PUCCH, varying in rage of 4, 5,…, 13, 14 and K can be set to 4 corresponding to the minimum PUCCH duration
· 
 is set to m fo the subcarrier spacing (15 x m) kHz of the corresponding PUCCH in slot i

Alt4 (recommended by CATT)

	     
The transmit power is set to achieve the target SINR (PO_PUSCH) with fractional compensation of path loss (α).  
· 

 is the  MPR incorporated in the  calculation of operating waveforms , such as  CP-OFDM and DFT-S-OFDM waveforms, of serving cell c at slot i.  
· 
 is the numerology adjustment factor when the configured numerology of UL PUSCH transmission in slot i  is different to the default numerology.


· 
 is the path loss function.  The index k is the k-th RS, such as SS block or CSI-RS, used for pathloss measurements in multi-beam configuration.  

· 
  is a PUCCH format dependent value.  
· 

 where  is the current PUCCH power control adjustment 
· 
 is a UE specific close-loop power control correction value, which is also referred to as a TPC command included in a PDCCH. 
· M is the number of power control commands accumulated between previous and current UL transmission part within a slot
· 
is the offset with respect to the slot where the UL grant was received.
· 
The initial value of  is set from RACH procedure from Preamble power ramp-up and power correction in RACH Msg 2.  



Key issue 3: power control for SRS
1. For SRS for CSI acquisition, PC parameters for PUSCH can be reused except P0,SRS. OPPO, ZTE,
1. Common open-loop parameters should be configured per SRS group for UL BM. vivo, ZTE
1. PL reference to derive transmit power of SRS for BM is determined by UE or configured by gNB, vivo, ZTE
1. LTE SRS power control formula and corresponding terminologies are reused for NR SRS power control. Samsung
1. For the beam management SRS using multiple consecutive symbols, the transmission power is same in each symbol within a slot. Samsung
1. The power control of SRS for beam management should be differnt from SRS for CSI. A higher power for SRS could facilitate the beam management among TRPs. CMCC
1. New parameter different than LTE SRS power control formula
0. A scaling factor for multiple subcarrier spacing values CATT

Framework of power control for SRS 
	Alt1 (recommended by Huawei) :


· Support at least Pcmax,c(i), PSRS_OFFSET,c(m), MSRS,c(i), P0,c(j1), αc(j1), PLc(k3), and fc(i, l2) for NR SRS power control for serving cell c
· i is slot number
· j1 is the index of open-loop parameter which is associated with/without specific PUSCH transmission property combination 
· k3 is the index of RS resource(s) for pathloss measurement
· k3 can be indicated with DCI and/or RRC
· MSRS,c is related to the PRB number 
· l2 is the index of close-loop parameter which is associated with/without specific PUSCH transmission property combination
· m is the index of power offset for specific SRS type (e.g. for CSI, beam management, SRS switching)

Alt2 (recommended by ZTE) :
· For SRS for CSI acquisition:


· for SRS for CSI for beam management

,
where [image: ],[image: ] and [image: ] are configured to a group of beams which are indicated by a single beam management trigger. 
· i should be defined for a period which may span more than one slot. It has relation with the time when the trigger message is sent and last for a variable period which may depend on the number of scheduled SRS.
· j is similar to that of PUSCH which related to open-loop power control parameter set.
· k either is similar to that of PUSCH, or depends on UE.

Alt3: Intel
· Transmission power of SRS at slot i and cell c for SRS resource group g should be calculated by:

where  indicates the bandwidth for SRS,  and  is configured per SRS resource group, and for link adaptation based SRS, it can be the same as PUSCH;  denotes the power control offset for SRS resource group g;  is the closed-loop power control factor for SRS resource group g.

Alt4: Samsung
LTE SRS power control formula and corresponding terminologies are reused for NR SRS power control.

 [dBm]
· Where i is slot number, j is the index of open-loop parameters, k is the index of RS resource(s) for pathloss measurement, l is the index of closed-loop power control process, and m is the SRS transmission type (periodic, SPS, aperiodic).
· FFS: exact Pcmax,c(i) definition and notation for above 6 GHz
· FFS: linkage and indication of {j, k, l}, explicit/implicit signalling

Alt5: CATT

	     
The transmit power is set to achieve the desired power (PO_PUSCH) set by the target SINR with fractional compensation of path loss (α).  
· 

 is the  MPR incorporated in the  calculation of operating waveforms , such as  CP-OFDM and DFT-S-OFDM waveforms, of serving cell c at slot i.  
· 
 is the bandwidth of the SRS transmission expressed in number of resource blocks.
· 
 is the numerology adjustment factor when the configured numerology of UL PUSCH transmission in slot i  is different to the default numerology.


· 
is the scaling factor of fractional power control configured by higher layer
· 
 is the path loss function.  The index k is the k-th RS, such as SS block or CSI-RS, used for pathloss measurements in multi-beam configuration.  



Key issue 4: RS resource(s) for pathloss measurement
1. Multiple DL RSs can be configured for PL estimation as least for the case without beam correspondence, ZTE, Huawei, OPPO, CATT, InterDigital
1. DL RS configuration for PL includes RS type, Huawei, ZTE
1. L1 RSRP should be supported for PL estimation based on CSI-RS and/or SS block. Huawei, Samsung 
1. PL compensation for asymmetric UL/DL should be supported. Huawei, Samsung

Proposal-3: At least for PUSCH, gNB configures one or multiple DL RS resource(s) for one open-loop/closed-loop process, and the average value of RSRP values associated with configured DL RS resource(s) can be used for generating PLc(k).

Key issue 5: closed loop processes sharing
	Condition of f(i) reset or inherit
20. Alt1: when PO_UE_PUSCH,c value is changed by higher layers. Samsung
20. Alt2: beam change between two QCLs and gNB configures resetting. Samsung
20. Alt3: beam change among different closed-loop power control processes, ZTE
20. Alt4: gNB can explicitly indicate UE to reset f(i), Qualcomm, Ericsson, NTT DOCOMO, ZTE
20. Alt5: different QCL-ed beam group, reset, vivo
20. Alt6: different TRP, reset, CMCC
20. Alt7: beam switch within CL PC process, inherit, among different CL PC processes, reset. LG
20. Alt 8: beam switch within TRP antenna panel, inherit, across different TRP antenna panels, reset. Motorola Mobility, Lenovo



Proposal-4: For closed loop power control process, gNB can indicate the reset of f(i) in case of accumulative TPC command mode 
· Details of indication is FFS e.g., when beam switch signal is indicated, or an aperiodic SRS has not been triggered and transmitted for a long while

Key issue 6: Power Headroom Reporting (PHR)
1. Whether or not to support virtual PH in NR
21. For different waveforms: Qualcomm, DOCOMO
21. For multiple beams: ITL, Motorola, Lenovo, Samsung, Ericsson, Nokia
21. For LTE-NR DC/NR DC/NR CA: Intel, OPPO, Huawei
1. Contents of PHR
22. Power back-off reporting: DOCOMO
22. Pcmax: Motorola, Lenovo

Proposal-5: NR supports multiple PHRs consisting of real PHR and virtual PHR 
· FFS on usage scenario(s), e.g., for different waveforms, for multiple beams, for LTE-NR DC and so on.
· FFS on contents of PHR
· FFS on PHR triggering conditions

Conclusion
Based on the summary of both remaining issues and main views from companies’ contributions [3]-[39] for UL power control, the following proposals can be considered.
Proposal-1: For N closed-loop power control processes, i.e.,  fc(i,l), for NR PUSCH power control for serving cell c, the following working assumption is confirmed:
· N=2
Proposal-2: For power control for PUSCH, M linkages for combination of {j,k,l} can be RRC configured
· One of these M linkages (if M>1) can be explicitly or implicitly indicated by the following candidate signaling
· Alt-1: MAC-CE
· Alt-2: DCI 
· Notes that j  is the index of open-loop parameter, k is the index of RS resource(s) for pathloss measurement, and l is the index of closed-loop power control process
Proposal-3: At least for PUSCH, gNB configures one or multiple DL RS resource(s) for one open-loop/closed-loop process, and the average value of RSRP values associated with configured DL RS resource(s) can be used for generating PLc(k).
Proposal-4: For closed loop power control process, gNB can indicate the reset of f(i) in case of accumulative TPC command mode 
· Details of indication is FFS e.g., when beam switch signal is indicated, or an aperiodic SRS has not been triggered and transmitted for a long while
Proposal-5: NR supports multiple PHRs consisting of real PHR and virtual PHR 
· FFS on usage scenario(s), e.g., for different waveforms, for multiple beams, for LTE-NR DC and so on.
· FFS on contents of PHR
· FFS on PHR triggering conditions

WFs
The following WFs are identified for this topic to the best of our knowledge:
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Appendix:  Contribution summary
1 
NR power control
 PL related
DL RS Configuration for PL estimation
1. Multiple DLRS configured for PL estimation as least for the case without beam correspondence ZTE, Huawei, OPPO, CATT
23. Path loss calculation for beam-specific power control uses a RS configured for a TCI state (e.g. periodic CSI-RS) InterDigital
23. A TCI state configured with RS used for beam-specific power control is also configured with parameters P0 and alpha. InterDigital
1. Include RS type Huawei, ZTE
L1/L3 RSRP for PL estimation
1. L1 Huawei
1. Only L3 Nokia
1. L1 and L3, configured by gNB, Samsung
 	PC parameter setting
PUSCH
Huawei: 
1. For PUSCH PC, support formula


· Support at least Pcmax,c(i), MPUSCH,c(i), P0,c(j), αc(j), PLc(k1), ΔTF,c(i) and fc(i, l1) for NR PUSCH power control for serving cell c
· i is slot number
· j is the index of open-loop parameter which is associated with specific UL transmission property combination including at least grant-type and beam
· j is selected by UE without any explicit signaling
· k1 is the index of RS resource(s) for pathloss measurement
· k1 can be indicated with UL resource configuration based on DCI and/or RRC
· MPUSCH,c is related to the scheduled PRB number
· l1 is the index of close-loop parameter which is associated with specific UL transmission property combination 
· l1 is selected by UE without any explicit signaling
ZTE: 
For NR uplink power control framework, linkage of {j, k, l} should be configured in higher layer.
· Each closed-loop power control process (l) is associated with UL TX beam indication, open-loop parameter set (j) and RS resources(s) for pathloss measurement (k) by higher layer signaling.
· Closed-loop Power control process ID (l) and UL TX beam indication is indicated by DCI signaling.
NTT DOCOMO: 
· An open-loop parameter set and a closed-loop should be linked with each other in PUSCH power control formula, i.e, l equals to j.
· An open-loop parameter set and pathloss measurement should be separately indicated.
· gNB configures parameter sets, e.g., {P0_PUSCH,c(j), αc(j)}, in higher layer and indicate one of them in UL grant by indicating j.
· Parameter sets should be configured with link to combination of waveform and service type.
InterDigital:
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. 
vivo: 
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
Panasonic: 
· NR should support explicit signalling using only one indicator representing the linkage of {j, k, l}. A PC parameter set is mapped to single beam or multiple beams is up to gNB.
· For single TRP, common αc(j) and only one closed-loop power control process. 
Intel:
· The open-loop power control index j and pathloss index k can be implicitly indicated by SRI.
OPPO: 
SRI in DCI can be used to acquire beam-specific pathloss and possibly other beam-specific PC parameters for PUSCH.
ITL: 
It is proposed that SRI in DCI (PDCCH) is used to indicate DL RS resource for pathloss, open-loop parameters, closed-loop PC process and possibly QCL information based on the associated parameter set configuration. 
Ericsson:
· 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. 
· 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).
Nokia:
· Dynamic signalling is used for indicating the linkage between open loop parameter sets, close loop power control process and RS resources.
CMCC: 
· J in Po and alpha could be set according to different traffics, such as URLLC and eMBB. 
· Multiple PC settings for eMBB should be defined for multiple UE transmit panels.
CATT: 
· The working assumption of 2 closed-loop power control processes for NR-PUSCH should be confirmed for up to two service types with different BLER requirements, such as eMBB and URLLC.
LG: 
· For an accumulative CLPC index l, a configurable additional power offset to be applied on the CLPC index l needs to be supported, whenever beam change or switching occurs within the same TRP, depending on a targeted service requiring higher reliability, e.g., URLLC and eV2X.
· Multiple ULPC processes, each corresponding to one of pre-configured linkages of {j,k,l} in the agreed PC formula, should be supported, and each ULPC process can be associated with at least one SRS resource configured to the UE.
· In addition to the explicit configuration of linkages on {j,k,l}, an implicit configuration option should also be supported at least in the initial stage or as a fallback behaviour for robustness, where it is associated to a serving CORESET DL RS, as in LTE for which the CRS is used for PL calculation.
Motorola Mobility:
· For a given gNB Rx beam, the same open-loop and closed-loop PC should be used irrespective of the UE Tx beam used (including UE beam selection/change). 
· Support separate closed-loop PC for case of gNB with multiple beams pointing to significantly different spatial directions such as with multiple TRP antenna panels.
Samsung:
· KPUSCH is either signaled (by FFS DCI, RRC, or a combination) or implicitly derived by the timing of a transmission scheduled by the DCI that includes the TPC command.
· NR support UE-group common DCI for TPC commands.

PUCCH
Huawei:
1. For PUCCH PC, support formula


· Support at least Pcmax,c(i), MPUCCH(i), P0,PUCCH, h(nUCI),  PL(k), ΔF_UCCH(F) and g(i) for NR PUCCH power control for serving cell c
· i is slot number
· k2 is the index of RS resource(s) for pathloss measurement
· k2 can be indicated with DCI and/or RRC
· MPUCCH ≥1 is related to the PRB number 
· F denotes the specific transmission format (e.g. long/short and/or PRB number)
ZTE: 
for uplink power control for NR PUCCH
· Define a unified power control formula for short PUCCH and long PUCCH, the formula for PUCCH format 4/5 in LTE could be reused as a base.
· PL, as a factor of beam(s), should be kept the same for short PUCCH and long PUCCH
· P0, as a factor of beam(s) and interference on receiver side, should be kept the same for short PUCCH and long PUCCH
· [image: ] could be shared between short PUCCH and long PUCCH
Samsung:
· The LTE PUCCH power control formulas are baseline for determining the NR PUCCH power control formulas.
Qualcomm:
·  or  should be configured differently for short PUCCH and long PUCCH 
· 
 or  should be configured differently for short PUSCH and long PUSCH 
Ericsson:
· Define beam specific PUCCH PC from {j,k} in a similar way as PUSCH PC.
· For PUCCH PC, in case of beam correspondence, utilize the N-bit indicator field which provides a reference to a DL RS which is spatially QCL’d with at least one PDCCH DMRS port group in order to define a corresponding beam specific PC set {j,k}.  
· For a PUCCH transmission, in case of beam correspondence, the set of PC parameters {j,k} the UE uses to set its transmit power is determined from N-bit indicator which is implicitly or explicitly signalled to the UE for that transmission. 

SRS
Huawei:
1. For SRS PC, support formula


· Support at least Pcmax,c(i), PSRS_OFFSET,c(m), MSRS,c(i), P0,c(j1), αc(j1), PLc(k3), and fc(i, l2) for NR SRS power control for serving cell c
· i is slot number
· j1 is the index of open-loop parameter which is associated with/without specific PUSCH transmission property combination 
· k3 is the index of RS resource(s) for pathloss measurement
· k3 can be indicated with DCI and/or RRC
· MSRS,c is related to the PRB number 
· l2 is the index of close-loop parameter which is associated with/without specific PUSCH transmission property combination
· m is the index of power offset for specific SRS type (e.g. for CSI, beam management, SRS switching)
ZTE:
· SRS for CSI acquisition share the same power control process with corresponding PUSCH.
· Power control formula for SRS for beam management should have parameters of [image: ], [image: ] and [image: ] which are configured per group of beams
vivo: 
For a SRS group used for UL beam management, 
30. At least common open loop parameters should be configured, including Po and alpha. 
30. PL reference to derive the SRS transmit power is determined by UE or configured by gNB. 
Samsung: 
· LTE SRS power control formula and corresponding terminologies are reused for NR SRS power control.
· For the beam management SRS using multiple consecutive symbols, the transmission power is same in each symbol within a slot.
LG:
· Transmit power for N(>1) SRS resources for UL beam management can be set to the same power level by gNB implementation by proper UL power control mechanisms per configured SRS resource group.
Nokia:
1. The same open loop parameter sets, close loop power control process and RS resources are shared between PUSCH and SRS for CSI acquisition with the same beam pair 
1. One common power control parameter set configured by gNB is used for uplink power control of beam management SRS transmission for all candidate beams. 
OPPO:
1. For SRS for CSI acquisition, PC parameters for PUSCH can be reused except Po,SRS. 

ASUSTEK:
1. For SRS group for beam management, one pathloss value derived from multiple beam specific pathloss can be considered for setting the SRS transmit power. 
Intel:
· It should be supported that the transmission power of SRS at slot i and cell c for SRS resource group g should be calculated by:
1. 
· Transmission power of PUCCH and PUSCH should be adjustable as a function of the subcarrier spacing.
Ericsson:
· Support beam specific SRS PC such that it is tied together with beam specific PUSCH PC. 
· Reuse the implicit/explicit beam indication mechanisms defined for PUSCH PC purposes for beam specific SRS PC purposes as much as possible to avoid specifying redundant signalling frameworks.  
· Support non beam specific PUSCH PC and SRS PC.

f(i) reset or taken over
Absolute TPC command:  
Supported by vivo, CATT, CMCC
ZTE:
For closed-loop parameter f(i) can be reset or inherited by default and by gNB indication
· f(i) should be inherited by default for beam changes within a closed-loop power control process. 
· f(i) should be reset by default among different closed-loop power control processes.
· Besides the default scheme, gNB can explicitly indicate UE to reset or inherit f(i)
Vivo:
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.
Samsung:
For accumulative TPC for NR PUSCH, a UE shall reset accumulation at least for the following cases: 
· For serving cell c, when PO_UE_PUSCH,c value is changed by higher layers.
· For serving cell c, when a first beam-pair/TRP (QCL) used for PUSCH transmission is changed to a second QCL and gNB configures resetting the accumulation for the two QCLs.
CMCC: 
When the UL Rx beams within one TRP has been switched, the previous accumulated TPC could be reused. And the same l should be used in this case.
Qualcomm:
1. taken over during waveform dynamic switch, 
1. Configure the UE to reset or carry over f(i)
Ericsson:
· Support explicit reset of the closed loop PC part in case of aggregated mode 
NTT DOCOMO
· gNB should explicitly indicate whether fc(i) should be reset when it indicates a new parameter set in UL grant.
LG:
· It should be supported that different PLc(k) depending on an RS index k which may be varying according to the beam change/switch can be associated to the same CLPC index l, so that the beam change/switch does not reset the CLPC l.
Ericsson
A TPC command set with larger dynamic range (e.g. [-3dB 0dB 3dB 5dB]) should be considered for >24GHz operation.
Qualcomm
NW can configure  (step size in the closed loop control) to be beam specific
Motorola Mobility
Configurable step size for TPC command to support different open-loop PC parameter settings, e.g., for different services. 
PHR related
LG:
· virtual PHR for PUSCH is supported for a carrier where PUSCH is not scheduled.
· If gNB can schedule UE’s UL waveform dynamically between CP-OFDM and DFT-S-OFDM, the following options are considered to inform gNB of UE’s power back-off status for both waveforms
option 1) UE reports virtual PHR based on another waveform than currently scheduled one
option 2) UE reports MPR offset between different waveforms
· UE can report virtual PHR for different power control parameter sets (e.g., {j, k, l}) than currently scheduled one.
NTT DOCOMO:
· Support virtual PHR assuming non-current parameter set(s).
Qualcomm 
1. Waveform switching triggers a PHR 
Samsung:
· Multiple PHRs based on multiple sets of power control parameters are reported in one slot to provide accurate available transmission power of PUSCHs with different power control parameter in time.
Ericsson
1. Beam for PHR: current/ last beam for PUSCH 
Nokia
1. multiple PHR for multiple potential beam candidates should be derived by the gNB 
Huawei
1. In above 6G frequency, PHR for one carrier contains more than one PHs, each of which is derived at least from different DL RS for pathloss estimation. 
Others
SUL
The range of Received target power for PRACH power control and P0 for PUCCH/PUSCH/SRS power control shall be sufficiently large to compensate 76 dB coupling loss difference between the SUL carrier and the NR unpaired carrier. Huawei
NR-LTE power sharing
Open issues: It has been agreed to support at least semi-static power sharing between LTE and NR, some remaining issues on semi-static power sharing may still need to be further confirmed, and whether or not to support dynamic power sharing between LTE and NR is also open issue.
Contribution summary:
1. Support dynamic power sharing between LTE and NR
1. pros:(can borrow unused power from other CG dynamically) Huawei, LGE, DOCOMO, Intel
1. cons: (can not borrow unused power from other CG dynamically)  Samsung (NR phase 1), ZTE, OPPO
1. For the case when DL/UL LTE sTTI/reduced UE processing time based operation is configured for the UE, only semi-static power sharing between LTE and NR is supported for LTE-NR dual connectivity in Rel-15. OPPO
1. In NR, gNB decides whether to adjust the maximum transmission power based on UE reported information if available, and dynamically reconfigure the maximum transmission power by DCI. CATT

2. How to support semi-static power sharing
P_MCG + P_SCG 
1. P_MCG + P_SCG > 100%. Huawei
1. For asynchronous LTE-NR DC, support only P_LTE + P_NR = P_cmax. Samsung
1. The configuration of “P_LTE + P_NR > P_cmax” is not allowed for a UE that is configured with DL/UL sTTI based operation for LTE. Intel
PHR for NR-LTE DC
1. Support separate PHR for LTE and NR with LTE-NR DC. OPPO, Intel
Others
1. Power control for CA in NR Phase 1 supports two operating scenarios. The first is based on LTE CA. The second is based on LTE-NR DC. Samsung
1. extend PCM2 per group of transmissions. InterDigital
1. The pathloss difference between NR dedicated uplink and SUL should be signaled to UE. Huawei
1. Power adaptation within one slot: Huawei
[bookmark: _Ref446506608][bookmark: _Ref446507216][bookmark: _Ref446511358]
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