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Introduction
In previous meetings, the following agreements were made on power control for NR UL MIMO [1][2].
Agreements:
· The following DL RS can be used for PL calculation for UL PC 
· If the power offset between SSS and DM-RS for PBCH is known by the UE, both SSS and DM-RS for PBCH of SS block
· If the power offset between SSS and DM-RS for PBCH is not known by the UE, SSS only of SS block
· CSI-RS;
· FFS: the applicable case for above DL RSs; if both are used, whether/how to combine/handle the measurement
· Support beam specific pathloss for ULPC
· 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
Based on the submitted contributions in NR Ad-Hoc#2 for this agenda item ([3]-[21]), 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 ULPC last meeting. But some details have been further decided, including beam pair link specific PL or UL transmit beam specific PL or BPL group specific PL.
Contribution summary:
1） Beam specific PC
· Beam specific PC is PC based on a certain CSI-RS where the UE RX beam is chosen in a transparent manner by the UE for the given CSI-RS: Ericsson 
· Beam group specific TPC command is supported: ZTE
2） BPL specific PC
· Beam specific PL can be maintained per BPL or BPL group: Huawei
· Beam pair specific power control are supported  Nokia 
· Accumulation of CL TPC is enabled or not should be BPL specific: Intel 
· Open-loop PC parameters for different beam-pairs or beam-pair groups. Samsung
· No need to maintain multiple accumulated TPC values for multiple BPL. Also no need to define Fc as a beam specific parameter. CMCC 
To address the issues of uncertainty of BPL for PL calculation for UL transmission for no reciprocity or asymmetric UL/DL, some companies proposed the following solutions:
· power offset for asymmetric UL/DL: Huawei
· association of a UL signal and a RS (together with the per-port RS power) for PL estimate: Huawei
· Combine multiple BPL or beam specific PL for UL transmission. ASUSTEK, LG, ZTE
Based on the above views, the following proposal can be considered. Further discussion for the details is necessary before achieving consensus.
Proposal 1: For path loss calculation, one of the following aspects is supported:
· Option 1: Any of aperiodic, semi-persistent and periodic CSI-RS
· Option 2: Periodic CSI-RS only
· Notes: SS block has been agreed to be used for PL calculation 
· FFS: Association of a UL signal/channel and the DL RS for PL calculation

PC parameter setting
Open issues:  Taking into account that PUSCH and SRS share some parameters in LTE, some companies also recommend some similar schemes for NR. Considering overhead reduction, some parameters are proposed as for some kind of beam/beam group specific.
Contribution summary:
· PUSCH and SRS for close loop: Nokia, Huawei, OPPO, LG (same beam and/or numerology)
· To configure a power control parameter set for a specific combination of beam, waveform and service type:  Huawei 
· PUSCH(/SRS) and PUCCH, independent CL PC command: LG
· Po and value for one channel are common among BPLs: Mitsubishi
· Different port groups of PUSCH can support different PC parameters: Huawei
· gNB configures UL PC parameters to UE for one specific beam, and then configure parameters offset for other beams ZTE
· PC parameters Po, alpha, delta_TF and fc could be set at least as cell specific or TRP(-Panel) specific. CMCC
· InterDigital
	Parameter
	Multi-beam with independent traffic
	Multi-beam for beam diversity

	UE’s Maximum Transmit Power
	Beam specific
	Beam specific

	Transmission Bandwidth
	Beam specific
	Common

	Target Received Power
	Beam specific
	Common

	Path Loss Compensation Factor
	Beam specific
	Beam specific

	Path Loss
	Beam specific
	Beam specific

	MCS Specific Offset
	Beam specific
	Common

	TPC Command
	Beam specific
	Common



Based on the above views, the following proposal can be considered. Further discussion for the details is necessary before achieving consensus. Additionally, the parameter sharing between SRS and PDSCH has been discussed accordingly online. 

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:
Unified framework for beam/waveform/numerology-specific power control
· gNB configures a power control parameter set, e.g., {P0, alpha}, for a specific combination of beam, waveform and service type  :  NTT DOCOMO
Waveforms specific power control
· 
Back-off factor for Pc,max  : CATT, Huawei, ZTE, NTT DOCOMO
· Offset of Po: OPPO
· P0 and alpha: Intel
· Maximum power reduction (MPR):
· Additional MPR values (RAN 4), RAN1 needn’t to specify this factor. Ericsson
· Waveform specific PHR, if different MPR should be considered   Nokia
Numerology-specific power control
· 
Recommended specific parameter: supported by CATT, Huawei , NTT DOCOMO
Multi-traffic specific power control
· 
Recommended specific parameter:  supported by CATT, CMCC
Multi-access specific power control
· 
Recommended specific parameter: supported by CATT
Based on the above views, the following proposal can be considered. Further discussion for the details is necessary before achieving consensus.
Proposal 2: At least for PUSCH, gNB configures one or multiple power control parameter set(s) 
· FFS: f(i) corresponding to multiple power sets can be common or independently configured 
· e.g., for specific combination(s) of one or more beam(s), waveform (if agreed) and service type (if agreed)
· e.g., for {P0, alpha}

Proposal 3a: For waveform specific power control, down-select from the below options:
· Alt1: Back-off factor for Pc,max  
· Alt2: P0 and alpha
· Alt3: Additional MPR values
Proposal 3b: 
· Power back-off (e.g., Pcmax,c and MPR) for different waveforms is up to RAN4 discussion
· FFS: send an LS to inform RAN4 of the RAN1 conclusion above
· FFS: the necessity to specify waveform specific power control parameter sets (e.g. Po, alpha, delta_Tf,c) 
PHR related
· Type 1 for PUSCH: LG
· Type 2 for simultaneous PUSCH and PUCCH: LG
· Based on BPL/BPL group: HW
· gNB indication of waveform-specific PHRs: HW
· FFS PUSCH overlaps with various PUCCH formats: LG, HW, Samsung
· FFS PHR for Different waveforms, may use offset: LG, Nokia
· Beam specific PHR: Nokia
· Beam group specific PHR: ZTE
others
· TPC for the long PUCCH duration: Intel, Samsung
· TPC for beam recovery mechanism: ZTE
Issues in power sharing mechanism
NR-LTE power sharing
Open issues: Three candidates for NR-LTE power sharing, including semi-static power allocation, dynamic power allocation and UE implementation issues, are discussed for power sharing for NR-LTE DC 
Contribution summary:
1) Semi-static power allocation (Not borrow unused power from other CG dynamically)
· pros: ZTE
· Cons: InterDigital
2) Dynamic power allocation with guaranteed minimum power   (Borrow unused power from other CG dynamically)
· pros: HW, LG, Intel, InterDigital, NTT DOCOMO
· cons: ZTE (only power sharing with each CG)

3) As implementation solution on UE   
· Pro: CATT
· Con: InterDigital

Other issues
Different length of TTI between NR and LTE
· Power adaptation within one slot: Huawei
· the remaining power is allocated based on the longest TTI length: MTK
· power boosting on data portion of an ongoing transmission while maintaining the power level of the DM-RS portion unchanged: InterDigital
Dual connectivity power control mode  
Open issues: Synchronous and asynchronous issues and their further clarifications are discussed thoroughly, and the PCM1 and PCM2 should be determined firstly.
Contribution summary:
PCM1 and/or PCM2
· PCM2 as baseline or starting point: Huawei, LG, Intel, MTK, InterDigital, NTT DOCOMO, Nokia
· PCM1:   MTK
· Both PM1+PM2: InterDigital, Nokia
· neither PCM1 nor PCM2: Ericsson (not affect LTE, scale NR if necessary)
· extend PCM2 per group of transmissions: InterDigital

The guaranteed power can be configured for each CG
· HW  with the same numerology semi-statically configuring
· Intel, ZTE
· MTK  traffic dependent, 
· Network-controlled dynamic guaranteed power levels (e.g. PTRxProfile#) per group of transmissions, adjustment by L1/L2 signaling: InterDigital
Conclusion
[bookmark: _GoBack]Based on the summary of both remaining issues and main views from companies’ contributions [3]-[32] for UL power control, the following proposals can be considered.

Proposal 1: For path loss calculation, one of the following aspects is supported:
· Option 1: Any of aperiodic, semi-persistent and periodic CSI-RS
· Option 2: Periodic CSI-RS only
· Notes: SS block has been agreed to be used for PL calculation 
· FFS: Association of a UL signal/channel and the DL RS for PL calculation
Proposal 2: At least for PUSCH, gNB configures one or multiple power control parameter set(s) 
· FFS: f(i) corresponding to multiple power sets can be common or independently configured 
· e.g., for specific combination(s) of one or more beam(s), waveform (if agreed) and service type (if agreed)
· e.g., for {P0, alpha}

Proposal 3a: For waveform specific power control, down-select from the below options:
· Alt1: Back-off factor for Pc,max  
· Alt2: P0 and alpha
· Alt3: Additional MPR values
Proposal 3b: 
· Power back-off (e.g., Pcmax,c and MPR) for different waveforms is up to RAN4 discussion
· FFS: send an LS to inform RAN4 of the RAN1 conclusion above
· FFS: the necessity to specify waveform specific power control parameter sets (e.g. Po, alpha, delta_Tf,c) 
WF
In addition to the above topics, the following WFs are identified for this topic to the best of our knowledge:
1) R1-171xxxx_WF on NR power control framework NTT DOCOMO
2) R1-171xxxx_WF on power sharing mechanism NTT DOCOMO
3) R1-1711721 WF on UL power control ZTE
4) R1-17xxxxx WF on waveform specific PHR LG
5) R1-17xxxxx WF on UL power control LG
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