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Introduction
In previous meeting, the following agreements were made on power control for NR UL MIMO [1].
Agreements:
· 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
Agreements:
· UE’s power headroom report is based on the corresponding PUSCH transmission(s)
· FFS details
Agreements:
· Regarding power sharing for LTE-NR dual connectivity, support at least semi-static power sharing between LTE and NR
· FFS details
· Discuss further whether or not to support dynamic power sharing between LTE and NR
· Discuss further impacts due to other factors, e.g., different TTI lengths, channel/service types, synchronous vs. asynchronous, different processing latency for LTE vs. NR, assumption regarding communication between NR vs. LTE at UE, specification impact to LTE (if any) and/or NR, etc. 
Send an LS to RAN4 to inform the above agreements – Ravi (Ericsson)
Based on the submitted contributions in RAN #90 for this agenda item ([2]-[35]), at least the following issues are identified and summarized in the following sections. Due to the many issues remaining for power control, only a few are identified here following the topics in the submitted contributions. 

Issues in NR for PC
PL related
Open issues:  Pathloss has been agreed to be beam specific for UL PC last meeting. But some details have been further decided, including beam/beam group/beam pair link specific PL.
Contribution summary: 
In order to address the issues of uncertainty of UL PL calculation especially for no reciprocity or asymmetric UL/DL, some companies proposed the following solution:
1. Multiple DL Tx beams are configured for PL without beam correspondence: CATT, ZTE, Huawei, LGE, Ericsson
About which DL RSs can be used for PL estimation, some opinions are proposed as follows,
1. Periodic CSI-RS: Ericsson  
1. SS block only based L3 RSRP before L1 beam measurement: Huawei
1. CSI-RS based L1 RSRP after L1 beam measurement: Huawei
Based on the above views, the following proposal can be considered. Further discussion for the details is necessary before achieving consensus.
Proposal 1: For PL calculation in PUSCH, the following aspects are supported
· DL reference signal is configurable
· At least periodic CSI-RS is support
PC parameter setting
Open issues:  On the topic of PUSCH and SRS share some parameters in LTE, the following agreement was reached at NR AH 2 meeting:
1. 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.
Contribution summary:
1. Closed-loop power control command can be shared by PUSCH and SRS for link adaptation only: intel
1. For SRS for CSI acquisition, PC parameters for PUSCH can be reused except Po,SRS: Vivo
1. The same power control parameters, e.g. Po, alpha, pathloss, TPC, can be shared between PUSCH and SRS for CSI acquisition with the same beam pair: Nokia
1. Separate power control for SRS is supported for UL beam management and CSI acquisition: vivo
In order to support various cases for UL power control, some aspects on power control framework have been recommended by companies, and some key views are collected here.
NTT DOCOMO:
1. Support unified framework for handling different beams/waveforms/service types in power control.
1. Support gNB to configure a power control parameter set, including {P0_PUSCH,c(j), αc(j)}, for a specific combination of beam, waveform and service type with power control ID
Huawei:
As a framework for NR uplink power control, at least for grant-based PUSCH, NR supports one or multiple power control settings for a UE, where 
1. UE performs L (e.g., L<=3) pathloss estimates based on DL signal(s) (CSI-RS and/or SS/DMRS for PBCH) according to gNB configuration(s)
1. UE maintains N (e.g., N<=3) closed-loop power control states f(n) based on TPC commands according to  gNB configuration(s)
1. A power control setting consists of one configured open-loop power control parameter set {Po, alpha }, one pathloss estimates, one MCS compensation offset, and one closed-loop power control states f(n)
1. For PUSCH transmissions associated with a property combination of traffic service type, BPL (group) , grant type, slot type, and etc., UE applies a power control setting accordingly
ZTE: 
gNB configures one or more UL transmit parameter sets for SRS/PUSCH/PUCCH respectively. Each ULTxPara setting includes at least one ULTxPara set, and each ULTxPara set is for one power control loop.
1. ULTxPara set should configure at least P0 UE specific part
1. ULTxPara set either configures PL setting and TX beam (group) information or configures a tie to index PL setting and TX beam (group) information for the power control loop
Based on the above views, the following proposals (some WFs captured in RAN1 reflector) can be considered. Further discussion for the details is necessary before achieving consensus.
Proposal 2:
· Support gNB configuration of one or multiple power control parameter set(s), at least containing P0 and DL reference signals configuration for PL calculation per set, for both PUSCH and SRS.   
WF from NTT DOCOMO:
· At least for PUSCH, gNB configures one or multiple open-loop power control parameter set(s)
· If multiple sets are configured, independent value(s), e.g., for {P0, alpha}, can be configured in each set
· e.g., for specific combination(s) of one or more beam(s), waveform (if agreed) and service type (if agreed)
· FFS: f(i) corresponding to multiple power sets can be common or independently configured 

X-specific power control for NR
Open issues:  Compared with LTE, NR needs to consider more complicated cases, e.g. multi-numerology, multi-beam (multi-panel), two waveforms, multi-service/traffic (eMBB, URLLC), multi-access schemes (NOMA), all of which will affect the UL PC design. The opinions on how they could be reflected in the transmit power formula are summarized as follows:
Contribution summary:
Waveforms specific power control
· 
Back-off factor for Pcmax, such as :  CATT, ZTE
· As MPR reflection in RAN4:  Ericsson, Huawei, Nokia, vivo, Qualcomm, Samsung, NTT DOCOMO
· 
In addition to MPR, waveform specific  or a temporary larger step for adjustment:  Qualcomm
· P0 and alpha:  Intel
Numerology-specific power control
· 
Recommended specific parameter: supported by CATT, HW, ZTE, Intel, NTT DOCOMO
Multi-traffic specific power control
· Recommended specific parameter:

 supported by CATT, 
Po, ΔTF,c supported by CMCC 
P0, alpha supported by Samsung
Multi-access specific power control
· 
Recommended specific parameter: supported by CATT
Multi-beam/BPL specific power control
· PCMAX
Beam specific: InterDigital 
· Alpha
Beam specific: Qualcomm，InterDigital, Nokia 
Non beam specific: ZTE, vivo, Mitsubishi, CMCC (in low frequency)
· Delta_TF (ΔTF,c )
Beam specific: vivo
Non beam specific: CMCC
· P0
BPL/beam specific: Intel, Nokia, ZTE, vivo, HW, Qualcomm
Non beam specific: CMCC, Mitsubishi 
· TPC command delta
Beam specific: ZTE, Qualcomm, Nokia
· fc
Beam specific: vivo, Mitsubishi 
Non beam specific: CMCC
f(i) reset or taken over 
· P0 configuration/ re-configuration, reset，ZTE
· reset or taken over depends on beam change, Mitsubishi, Qualcomm 
· taken over during waveform dynamic switch, Qualcomm

Based on the above views of majority companies, the following proposal on beam specific power control can be considered. Further discussion for the details is necessary before achieving consensus.
Proposal 3: The following aspects should be supported in NR
· Beam specific P0 setting
· Beam specific TPC command delta

About waveform-specific power control, WFs captured in RAN1 reflector are summarized here. 
WF from NTT DOCOMO:
· RAN4 should discuss how to support any power back-off needed for CP-OFDM transmission compared with DFT-S-OFDM transmission
· E.g., specification of fixed power back-off, specification of power back of as MPR
· Send a LS to RAN4 with the above statement

PHR related
· Type 1 for PUSCH: LG
· Type 2 for simultaneous PUSCH and PUCCH: LG
· For two waveforms
· Only one waveform (current transmission or default), HW
· Both waveforms, (always on or on demand) LGE, Qualcomm, NTT DOCOMO
· PHR setting, to support multi-process for PHR,  ZTE
· reporting multi-PHR corresponding to a set of beams. FFS how to form the set, HW
· PH can be reported per combination of beam/waveform/service type NTT DOCOMO
· The beam specific PHR reporting should be considered and multiple PHR for multiple potential beam candidates should be derived by the gNB Nokia
others
· TPC for the long PUCCH duration: Intel, Samsung
· TPC for beam recovery mechanism: ZTE
· PUSCH and PUCCH power control should operate independently without prioritization with UE implementation of power scaling at the RFIC circuit CATT
· Options for possible transmit power reference Ericsson
Option 1: P_PUSCH is specified in the same way as LTE (i.e., at a different reference than Ppowerclass)
Option 2: P_PUSCH is specified as an EIRP value (i.e., same reference as Ppowerclass)
· NW can configure ULPC parameter P0 for beam failure recovery procedure and grant free URLLC control channels to increase decoding reliability. Qualcomm
Issues in power sharing mechanism
NR-LTE power sharing
Open issues: It has been agreed to support at least semi-static power sharing between LTE and NR, the details are still FFS, 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
· pros: (Borrow unused power from other CG dynamically) 
Huawei, FiberHome, CATT (without any change of LTE specifications), Intel & LGE & NTT DOCOMO (when UE knows there is no UL transmission in other CG in advance)
· cons: (NOT borrow unused power from other CG dynamically) 
ZTE, Qualcomm(at least not for R15), OPPO (at least not for R15)

2. How to support semi-static power sharing
· PCM2 as a starting point: Huawei, Intel, LGE, Samsung, Nokia (with some limitations)
· Extend PCM2 per group of transmissions: InterDigital

3. Earlier timing for priority in PCM2 should be specified
· Earlier timing is relevant to processing time instead of UL transmission timing: LGE
· Power allocation priority for remaining power of LTE-NR DC is determined by the earlier transmission of scheduling information. Huawei

4. Clarification on synchronous and asynchronous
· Timing difference is up to 33 µs: Intel  
· Aligned within the nested time grid: Nokia

5. Different length of TTI between NR and LTE
· Power adaptation within one slot: Huawei
· Power boosting on data portion of an ongoing transmission while maintaining the power level of the DM-RS portion unchanged: InterDigital

6. PHR
· Support separate PHR for LTE and NR with LTE-NR DC: Qualcomm, CATT
· PH calculation for the scheduling CG; UE is configured by higher layers to report either always the virtual PH or the actual PHR when there is a UL transmission in a CC of the other CG: Intel

Regarding UL power sharing, WFs captured in RAN1 reflector are summarized here. 
WF from NTT DOCOMO:
· At least for semi-static power sharing, when UE knows in advance that there will be unused power in a CG, the unused power can be used for other CG(s) 

WF from Nokia:
· For LTE-NR DC, where eNB is master, support 3 RRC configured power sharing-modes, where  X% of PC_max to MCG and 1-X% of PC_max to SCG
· Non-power-limited (NPL) mode 
· UE expects UL grants for user-plane data  in both MCG and SCG
·  E.g. X_NPL=50%
· LTE-power-limited mode (LTE-PL)
· UE does not expect UL grants for user-plane in MCG
· E.g. X_LTE-PL=30%
· NR-power-limited mode (NR-PL)
· UE does not expect UL grants for user-plane in SCG
· E.g. X_NR-PL=70%
· Negotiation of the value X between MCS and SCG is up to RAN2
· Master eNB indicates to a UE the selected mode using MAC-CE
· FFS on how to synchronize the applicability of MAC-CE indication in NR and LTE. 

WF from Ericsson:
· At least for LTE-NR NSA operation
· Maximum allowed power values for LTE (P_LTE) and NR (P_NR) are set independently
· e.g. P_LTE + P_NR > P_cmax or P_LTE + P_NR = P_cmax 
· For LTE, no change to power control procedure.
· For NR, if total transmit power exceeds P_cmax, UE scales down/drops NR transmission and NR scaling details are left to UE implementation 
· Note: ‘P_cmax’ is a limit that is similar to ‘The configured maximum UE output power’ that was specified for LTE.
· For example, following can be specified for NR – “If UE NR transmission overlaps with an LTE transmission, and if the total transmission power exceeds ‘P_cmax’, UE shall adjust the power of NR transmission such that the total transmission power of the UE does not exceed ‘P_cmax’ during the overlapped portion.”
· Signaling details related to P_LTE , P_NR will be handled by RAN2,RAN4
· Note: The network will still have flexibility to prioritize or reserve certain NR transmission power depending on network implementation

Conclusion
Based on the summary of both remaining issues and main views from companies’ contributions [2]-[35] for UL power control, the following proposals (including WFs from RAN1 reflector) can be considered.
Regarding beam specific path loss calculation, we have the following proposals,
Proposal 1: For PL calculation in PUSCH, the following aspects are supported
· DL reference signal is configurable
· At least periodic CSI-RS is support

Possible offline agreement:
· At least for the granted PUSCH, at least periodic CSI-RS if configured is used for PL calculation

Proposal: 
· NR supports independent configuration of CSI-RS for pathloss measurement, at least for PUSCH transmission,
· If CSI-RS for pathloss measurement is configured, UE should perform pathloss measurement only based on configured CSI-RS
· If CSI-RS for pathloss measurement is not configured, pathloss measurement should be done based on SS block, e.g., for Msg 1 and Msg3.
· FFS: how DMRS of PBCH  and SSS in SS block are used for pathloss measurement together

Regarding parameters for PC parameter setting, we have the following proposals,
Proposal 2:
· Support gNB configuration of one or multiple power control parameter set(s), at least containing P0 and DL reference signals configuration for PL calculation per set, for both PUSCH and SRS.   
WF from NTT DOCOMO(R1-1714889):
· At least for PUSCH, gNB configures one or multiple open-loop power control parameter set(s)
· If multiple sets are configured, independent value(s), e.g., for {P0, alpha}, can be configured in each set
· e.g., for specific combination(s) of one or more beam(s), waveform (if agreed) and service type (if agreed)
· FFS: f(i) corresponding to multiple power sets can be common or independently configured 

Possible offline agreement:
· For open-loop power control parameters for PUSCH, 
· gNB configures one or multiple P0 values 
· e.g., for specific combination(s) of one or more beam(s), waveform (if agreed) and service type (if agreed)
· At least for UL multi-TRP operation, gNB configures one or multiple alpha  values
· The different parameters can be configured as set(s)
· e.g., {P0, alpha}

Regarding beam specific parameters, we have the following proposals,
Proposal 3: The following aspects should be supported in NR
· Beam specific P0 setting
· Beam specific TPC command delta
· 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


Regarding waveform-specific power control, WFs captured in RAN1 reflector are summarized here. 
WF from NTT DOCOMO(R1-1714890):
· RAN4 should discuss how to support any power back-off needed for CP-OFDM transmission compared with DFT-S-OFDM transmission
· E.g., specification of fixed power back-off, specification of power back of as MPR
· [bookmark: _GoBack]Send a LS to RAN4 with the above statement

Regarding UL power sharing, WFs captured in RAN1 reflector are summarized here. 
WF from NTT DOCOMO(R1-1714888):
· At least for semi-static power sharing, when UE knows in advance that there will be unused power in a CG, the unused power can be used for other CG(s) 
WF from Nokia:
· For LTE-NR DC, where eNB is master, support 3 RRC configured power sharing-modes, where  X% of PC_max to MCG and 1-X% of PC_max to SCG
· Non-power-limited (NPL) mode 
· UE expects UL grants for user-plane data  in both MCG and SCG
·  E.g. X_NPL=50%
· LTE-power-limited mode (LTE-PL)
· UE does not expect UL grants for user-plane in MCG
· E.g. X_LTE-PL=30%
· NR-power-limited mode (NR-PL)
· UE does not expect UL grants for user-plane in SCG
· E.g. X_NR-PL=70%
· Negotiation of the value X between MCS and SCG is up to RAN2
· Master eNB indicates to a UE the selected mode using MAC-CE
· FFS on how to synchronize the applicability of MAC-CE indication in NR and LTE. 
WF from Ericsson:
· At least for LTE-NR NSA operation
· Maximum allowed power values for LTE (P_LTE) and NR (P_NR) are set independently
· e.g. P_LTE + P_NR > P_cmax or P_LTE + P_NR = P_cmax 
· For LTE, no change to power control procedure.
· For NR, if total transmit power exceeds P_cmax, UE scales down/drops NR transmission and NR scaling details are left to UE implementation 
· Note: ‘P_cmax’ is a limit that is similar to ‘The configured maximum UE output power’ that was specified for LTE.
· For example, following can be specified for NR – “If UE NR transmission overlaps with an LTE transmission, and if the total transmission power exceeds ‘P_cmax’, UE shall adjust the power of NR transmission such that the total transmission power of the UE does not exceed ‘P_cmax’ during the overlapped portion.”
· Signaling details related to P_LTE , P_NR will be handled by RAN2,RAN4
· Note: The network will still have flexibility to prioritize or reserve certain NR transmission power depending on network implementation

WFs
The following WFs are identified for this topic to the best of our knowledge:
1) R1-1714889 WF on NR power control framework NTT DOCOMO
2) R1-1714890 WF on power back-off NTT DOCOMO
3) R1-1714888 WF on power sharing NTT DOCOMO
4) R1-17xxxxx WF on Power sharing between LTE and NR Nokia, Nokia Shanghai Bell
5) R1-17xxxxx Way forward on power sharing for LTE-NR NSA operation Ericsson, CATT
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