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1 Introduction
At several RAN1 meetings for Rel-14, regarding uplink (UL) power control (PC) for NR MIMO, some agreements [1]-[3] were reached as follows:
· Support beam specific pathloss for ULPC

· 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
· Separate power control process can be supported for transmission of different channel/RS (i.e., PUSCH, PUCCH, SRS).

· Same gNB antenna port can be used for pathloss measurement for multiple process.

· FFS: Different gNB antenna ports can be used for pathloss measurement for each process
· At least an UL transmission scheme without grant is supported for URLLC

· Further study on:

· Power control for grant free PUSCH if supported
Regarding DL RS for mobility and beam management measurement, some agreements [1] were reached as follows:
· RAN1 assumes at least SSS is used for SS block RSRP

· Note that NR-PBCH DMRS can also be used for SS block RSRP if UE can know the power offset of NR-PBCH DMRS and NR-SSS
· For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS
· Measurement quantities for beam
· Support L1 RSRP and CSI report (when CSI-RS is for CSI acquisition)
In this contribution, we further generally discuss the open issues on UL power control procedures and parameters based on the above agreements in NR including all possible channel/RS (PUSCH/PUCCH/SRS) common and/or specific parameter setting. And some detail designs of UL PC for SRS, PUSCH and cross-link interference also can be found in our company contributions [2-4].
2 Discussion on key components of UL PC
LTE UL PC with fractional power control (FPC) has been agreed as a general framework for NR UL PC. The general formula of UE transmission power is
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. Based on this PC framework, we have further discussion on new considerations for NR UL PC. First, we discuss the key components and several key new scenarios. Then we propose a general PC setting framework for standardization that allows flexible combination of the key components to support UL PC in varieties of forms in NR.
2.1 Pathloss 
Both SS block (SCH and/or DMRS of PBCH) and CSI-RS are agreed for PL estimation. However, the applicable case for above DL RSs and how to combine/handle the measurement are still open.
When multiple DL RS are configured to a UE, which DL RS should be used for PL estimate for a specific PC setting should be specified. In other words, an association between a UL signal (or equivalently, a PC setting) and a DL RS (or equivalently, a configured L3 or L1 RSRP) needs to be specified, via, e.g., standard specifications, RRC configuration, MAC or PHY layer signaling. To obtain the PL estimate from the RSRP, the per-port DL RS power needs to be signaled to the UE.

For UEs without UE-specific configurations (e.g. IDLE), pathloss estimation for UL PC compensation for some transmissions (e.g. Msg1 and Msg3 in initial access RACH procedure) can only be derived from SS block with L3 filtering RSRP based on mobility measurement. Here the association between the UL transmissions and the L3 SS-RSRP can be specified in standards.
For UEs with UE-specific configurations (e.g. CONNECTED), one or multiple CSI-RS can be configured for beam management. To flexibly and dynamically track the beam specific pathloss, UE can be configured to estimate pathloss associated with a specific CSI-RS resource and L1 RSRP for beam management measurement. In addition, SS block is one “always-on” signal used for L3 mobility in both IDLE and CONNECTED and also can be configured to support the spatial QCL assumption with CSI-RS in some cases. So both SS block and CSI-RS can be configured for PL estimation. Both L1 RSRP and/or L3 RSRP can be considered for the combined PL estimation. When configuring which RS or RSRP to be used for a UL transmission can be specified in RRC configuration, MAC or PHY layer signaling, and the RS or RSRP may be indexed and the index can be signaled to UE for a UL transmission.
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Figure 1 DL RS for PL estimation
In some cases, there will be a pathloss mismatch measured between DL and UL. For example, TRP set serving for DL and UL can be different and Tx/Rx beam reciprocity at gNB and/or UE may be not always assumed. Then the pathloss should be compensated for these mismatch cases. Two possible options can be considered for the PL compensation. The first one can be based on PL offset compensation, which can be signaled as a static power offset. The second one can be combining (e.g. averaging) one PL from multiple “beam” specific PL. On the other hand, UL RS based PL estimate may also be considered. In this case, the network estimates the PL and indicates to UE, and the framework can be extended to support it.
In order to estimate PL, the per-port transmission power of the RS needs to be signaled to the receiver side. As in LTE, CSI-RS per-port power can be signaled when the CSI-RS is configured. For SS and DMRS, however, their per-port powers need to be provided in associated signaling in NR.
Therefore we have the following proposal as:
Proposal 1: PL estimation should support

· Signaling to UE the association of a UL signal and a  RS (together with the per-port RS power) for PL estimate
· Both L3 and L1 RSRP should be supported for PL estimation.

· SS block only based L3 RSRP should be supported for IDLE

· CSI-RS based L1 RSRP should be supported for CONNECTED

· Power offset for PL compensation for asymmetric UL/DL should be supported
2.2 Beam specific PC loop
For beam specific power control, open (at least PL) & closed-loop parameters are agreed. Generally, beam specific power control can be similar for PUSCH/PUCCH/SRS with multiple beam transmission.  For one complete beam specific PC setting, at least the following parameters should be clearly specified to UE. 
The first one is the beam identity. For the UL transmission with one or more specific UL BPL (e.g. associated for one or multiple codeword), one or more reference DL BPL can be configured for the PL compensation. Now it seems “beam” information can be indicated with the QCL assumption between antenna port (group) of RS for PUSCH/PUCCH/SRS and DL RS. The second one is beam specific open-loop parameters. Based on the specific beam identity, the associated PL can be used. Specific P0 can be used to semi-statically compensate the reception power for multiple considerations (e.g. target power, interference, etc.). Moreover, P0 includes cell-specific nominal P0_nomial and UE-specific P0_UE_specific, then it seems reasonable to keep the one common cell-specific nominal P0_nomial and multiple beam specific UE-specific P0_UE_beam_specific. Alternatively, the parameters including
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 can be maintained or configured for each BPL respectively. Furthermore, BPLs can be clustered into different groups based on the beam management for simplicity. And one BPL group is configured with one set of parameters (PL/P0/
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), while the TPC command can be configured per BPL in the group.

For the PL compensation factor α, it seems no strong reason to support the beam specific value. The third one is beam specific close-loop parameters. Following the agreement, it seems only dynamic adjustment based on TPC command is necessary. Now, PUSCH with one or more code words can be associated with at least one or more QCL indicated beam information. In this case, TPC command can be associated with multiple port groups. Then different transmission layers (e.g. associated with code word(s) from different beam and/or panel) may use different transmission power which is different from LTE with equally inter-layer splitting, and this can be realized by associating different PC settings/parameters to the layers. Then the following mechanism is the potential power scaling when the expected total power exceeds the maximum power. In addition, the impact from TA (if supported) differences should also be taken into account.
It can be seen that beam specific PC may take different forms due to different considerations. To support this, the standards should focus on providing sufficient flexibility to combine/specify relevant key components involved in PC, such as the specific UL transmissions with specific properties (e.g., beam and port information), RS for PL, open-loop parameters, TPC command configurations, etc.

Proposal 2: Beam specific PC should support

· QCL assumption between antenna port (group) of RS for PUSCH/PUCCH/SRS and DL RS (e.g. CSI-RS) should be indicated for identifying beam identity
· Beam specific P0 should be at least based on UE-specific part P0_UE_beam_specific
· Different port groups of PUSCH can support different PC parameters
· PL compensation should be supported for UL/DL mismatch cases (e.g. beam reciprocity)
· The beam specific PL can be maintained per BPL or BPL Group. 
2.3 Traffic service specific PC loop
In NR, different traffic service types will be supported including eMBB and URLLC. Different traffic service may have different performance requirement (e.g. reliability, latency) based on different mechanisms such as grant mode (e.g. dynamic grant and/or RRC configured), numerology and scheduling time unit length (e.g. mini-slot, slot), etc. Generally speaking, traffic service specific UL PC loop should be used to maintain the specific performance requirement for PUSCH and even associated PUCH/SRS. The specific PC loop may include the open-loop parameters P0, 
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 and closed-loop TPC command. In addition, some new specific UL PC mechanisms should be discussed because of the new requirements. In some cases, dynamic multiplexing between URLLC and eMBB (each is configured with multiple numerologies) may be supported for one profitable resource utilization; However this multiplexing also may result in the resource collision between URLLC and eMBB. Then the potential interference should be considered for traffic service specific power control. Though for same traffic service with different numerologies, it seems the predefined PSD scaling is one simple and straightforward mechanism to maintain the same performance requirement. However, interference may be different. Then configurable specific parameter is preferred for the flexibility. In addition, for one UE supporting multiple traffic service specific PC loops, the associated mechanism specific traffic service can be implicitly associated with at least one of grant mode (e.g. dynamic grant and/or RRC configured), numerology and scheduling time unit length (e.g. mini-slot, slot).
Proposal 3: Traffic service specific power control should be supported.

· The specific PC parameters can be configured open-loop part (e.g. P0 and 
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) and/or closed-loop part
· Traffic service can be implicitly associated with other grant property including at least one of
· Numerology

· Dynamic grant and/or RRC configured
· Scheduling time unit length(e.g. mini-slot, slot)
2.4 Common PC parameter settings 
Though channel/signal specific uplink power control consideration ideally aims to provide the optimal performance gain, some common components (e.g. P0, 
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, etc.) for multiple specific power control loops. For example in LTE, same parts for Msg1 transmission are reused for PUSCH transmission of Msg3 and some parts for scheduled PUSCH are reused for SRS transmission. Thus common PC parameter setting should be reserved and extended for NR UL PC. For example, UE can support one or multiple beam and/or numerology, then some common parameters may be considered for PUSCH and SRS which are associated with the same beam and/or numerology on the same carrier or bandwidth part. .
Proposal 4: Common PC parameter setting should be supported between PUSCH and SRS which are associated with same beam and/or numerology. 
2.5 General PC setting framework
The above discussions illustrate that a PC setting contains several key components, and each component may take various values of parameters of various forms. When the components are determined, a PC setting is well defined/determined. As evident from above, to determine each component for each PC setting can be complicated. However, the standards do not have to specify how all the components need to be determined for all PC settings; a significant part of determining the components and their parameters should be left to implementation. Consequently, in addition to discussing specific PC settings, a general PC setting framework needs to be decided and standardized.

In more detail, a PC setting should generally contain at least several of the following key components, which can be indexed for convenient referencing in signaling and flexible combining: 

· The UL signal/channel. 
If the same signal/channel is associated with multiple PC setting, then the associated configurations/properties to uniquely identify this signal/channel also need to be specified. For example, if different beams are associated with PUSCH, and each beam has a different PC setting, then the beam configuration information (or equivalent QCL information) should be specified together with the UL signal/channel information for each PC setting. This can also be applied to PUSCH layers, UL signals with different numerologies, etc.
This component is mandatory for a PC setting.

· The DL RS (or equivalently, the RSRP) and its per-port transmission power. 
The component is generally mandatory for a PC setting except for cases such as with network-indicated PL value.

· The open-loop PC parameters, mainly P0, 
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, and power offset.
This component is mandatory for a PC setting.

· The TPC command.

This includes the associated TPC command configurations, DCI resources and configurations, etc.

This component is optional for a PC setting, but mandatory for a closed-loop PC setting.
· The closed-loop state or closed-loop process.

This specifies which closed-loop state/process a PC setting will use, and each corresponds to one closed-loop (i.e., PC loop) the UE is configured and needs to maintain.  For absolute TPC commands, the loop state is equal to the TPC command and is memory-less, otherwise the loop state is the cumulative sum of the TPC commands associated with this loop. A UE may maintain multiple closed-loop states/processes, and different states/processes may be specified with same/different components listed above. Note that the closed-loop state is related to but not the same as the TPC command configurations, as one closed-loop state may be associated with multiple TPC command resources and vice versa for flexibility.
This component is optional for a PC setting, but mandatory for a closed-loop PC setting.

A PC setting can be basically viewed as an association of the above components. By properly combining/configuring/indicating the above components, the network can support many forms of PC settings and the UE can uniquely determine its power. However, to reduce UE complexity, only a limited number of PC settings may be supported by a UE, and the maximum number can be standardized or reported by UE as UE capability.
Proposal 5: Standardize a general PC setting framework that allows to flexibly specifying at least some of the following components and their values: the UL signal/channel, the DL RS and its per-port power, the open-loop PC parameters, the TPC command, and the closed-loop state/process.
3 Conclusion
In this contribution, further discussions on UL PC in NR were presented. We have the following proposals:
Proposal 1: PL estimation should support

· Signaling to UE the association of a UL signal and a  RS (together with the per-port RS power) for PL estimate

· Both L3 and L1 RSRP should be supported for PL estimation.

· SS block only based L3 RSRP should be supported for IDLE

· CSI-RS based L1 RSRP should be supported for CONNECTED

· Power offset for PL compensation for asymmetric UL/DL should be supported

Proposal 2: Beam specific PC should support

· QCL assumption between antenna port (group) of RS for PUSCH/PUCCH/SRS and DL RS (e.g. CSI-RS) should be indicated for identifying beam identity

· Beam specific P0 should be at least based on UE-specific part P0_UE_beam_specific
· Different port groups of PUSCH can support different PC parameters

· PL compensation should be supported for UL/DL mismatch cases (e.g. beam reciprocity)

· The beam specific PL can be maintained per BPL or BPL Group. 
Proposal 3: Traffic service specific power control should be supported.

· The specific PC parameters can be configured open-loop part (e.g. P0 and 
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) and/or closed-loop part
· Traffic service can be implicitly associated with other grant property including at least one of

· Numerology

· Dynamic grant and/or RRC configured

· Scheduling time unit length(e.g. mini-slot, slot)

Proposal 4: Common PC parameter setting should be supported between PUSCH and SRS which are associated with same beam and/or numerology.
Proposal 5: Standardize a general PC setting framework that allows to flexibly specifying at least some of the following components and their values: the UL signal/channel, the DL RS and its per-port power, the open-loop PC parameters, the TPC command, and the closed-loop state/process.
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