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1 Introduction
Regarding uplink (UL) power control (PC), some agreements [1]-[2] were further reached as follows:
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At least for PUSCH,
· 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

· 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

For PL estimation, NR supports

· At least higher layer filtered RSRP is supported for PL estimation based on configured CSI-RS and/or SS block

· Note: Above includes the support for at least beam-specific RSRP measurement

· FFS: Whether L1 RSRP is additionally supported

· Note: Companies are encouraged to study the benefits of additionally using L1 RSRP for PL estimation

· FFS: Details on the L3 filter in NR specification (including whether to define or not) should be discussed in the mobility session

· PL calculation can be based on periodic CSI-RS if configured at least for the following cases:

· PUSCH
· SRS 

· PUCCH 
In this contribution, we further discuss the remaining 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 with specific transmission property. In addition to all specific parameter discussions, we also aim to standardize a general design framework for NR UL PC which may be configured with multiple transmission properties (e.g. beam/ traffic service/ numerology/ grant/ waveform, etc.). For some detail discussions of UL PC for cross-link interference, refer to companion contribution [4].
2 Discussion on key components of UL PC
In addition to agreed PUSCH PC formula, we also need to address PUCCH/SRS PC formulas. In LTE, PC formulas for PUCCH/SRS are shown below. 
For PUCCH, 
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Wherein P0_PUCCH, PLc, h (nCQI, nHARQ, nSR), ΔF_PUCCH (F), ΔTxD(F´) and g (i) respectively denotes target power, pathloss, compensation power for bit number, PUCCH format, transmission scheme and close-loop TPC. Different PUCCH foramt may introduce frequency bandwidth MPUCCH.
For SRS,
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Wherein PSRS_OFFSET,c(m),MSRS,c, P0_PUSCH,c(j), αc(j), PLc, f(i) respectively denotes compensation power for different SRS trigger type, frequency bandwidth, target power of associated PUSCH, pathloss and compensation factor and close-loop TPC of associated PUSCH. Another formula for SRS PC which is independent of PUSCH was introduced in Rel-14.
2.1 General UL PC parameter configuration
The above discussions illustrate that possible specific PC mechanism and/or parameters considerations. However, for one specific UL transmission simultaneously associated with one or more specific UL transmission properties discussed above, one general PC framework (e.g. PC formula including multiple specific parameters) need to be determined and standardized to allow the reduction for UE complexity and/or configuration overhead cost. For example, one parameter may be configured associated with multiple property components and how to configure this parameter should be left to implementation. In this part, we will discuss more for each PC parameter for each specific UL transmission (e.g. PUSCH/PUCCH/SRS).
2.1.1 Pathloss

Following the agreement, multiple RS can be configured for different PL estimation for PUSCH. Similarly, multiple RS can be configured for different PL estimation for PUCCH and SRS which need to at least support beam-specific pathloss estimation. On considering the different transmission occasion, different RS type should be configured for different PL estimation (e.g. for different beam width). For example, PUSCH scheduled with DCI can use narrow beam based PL (e.g. based on CSI-RS), however, grant-free PUSCH can use wide beam based PL (e.g. based on SS block) for the robust transmission which will be semi-statically configured with RRC. Therefore, RS resource configuration for PL estimation should include RS type.

On considering RSRP measurement for PL, we prefer to support L1-RSRP based PL. One reason is that beam management is based on L1-RSRP which means network side may quickly change the beam generation based on L1/L2 measurement update. Then L3-RSRP based PL may introduce PL mismatch between the current beam pair link (BPL) and the BPL fed into the L3 filter for a period of time. To better track the current BPL, it’s reasonable to support L1-RSRP based PL. 
For the indication of RS resource for specific PL estimation, semi-static and dynamic configuration should be supported. Based on one or multiple preconfigured association between each UL resource configuration and one specific RS configuration, UE can select one specific on RS for one PUSCH/PUCCH/SRS transmission with specific resource configuration. The association can be based on QCL configuration between UL DMRS and DL RS. In some cases, there will be a pathloss mismatch measured between DL and UL. For example, the TRP sets 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 or filtering) one PL from multiple BPL (group) 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 [5].

Therefore we have the following proposal:
Proposal 1: For PL estimation, NR supports

· RS resource configuration for PL for PUSCH/PUCCH/SRS should include RS type (e.g. CSI-RS and/or SS block)

· L1 RSRP should be supported for PL estimation based on CSI-RS and/or SS block.
· RS resource index for PL for PUSCH/PUCCH/SRS can be determined by the UL resource configuration with DCI and RRC.
· The association between RS resource for PL and UL resource configuration should be based on QCL assumption between antenna port of RS for PUSCH/PUCCH/SRS and DL RS (e.g. CSI-RS and/or SS block).
· PL compensation for asymmetric UL/DL should be supported. 
2.1.2 Open-loop PC parameters
Following the agreement for close part for PUSCH, multiple {P0, 
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} have been supported. As per the performance requirement, at least it should be set specifically for different properties including, i) traffic service types (e.g. eMBB, URLLC) which may be associated with other properties (e.g. numerology, grant-type, slot-type), ii) different channel/ reference signal (e.g. PUSCH/ PUCCH/ SRS), iii) transmission schemes (e.g. beamforming, waveform, interference etc. ). This mechanism is similar as in LTE. For example, PUSCH (DCI/SPS)/ PUCCH/SRS has separate target P0 set associated with different UL subframes (e.g. interference). Then this mechanism can be reused and extended to the NR UL transmission with more flexible UL transmission property combination Table 1. For example, PC parameters for grant-free type1 and type2 have been agreed to be configurable with specific RRC signaling. Then at least different grant-type (DCI, GF-type1, GF-type2) based PUSCH should support specific {P0, 
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}. Moreover different traffic may be associated with different numerology and/or slot type. Therefore, it’s not necessary to introduce numerology based scaling factor due to PSD issue. To flexibly maintain multiple open-loop PC parameters, each open-loop PC parameter set {P0, 
[image: image6.wmf]a

} should be associated with one specific property combination of one or more UL transmission property. Moreover, one or more property combination should be preconfigured and can be selected based on UE determination without any dynamic signaling. Generally, target power P0 includes both nominal P0_nomial and UE-specific P0_UE_specific), then at least P0_UE_specific can be specific for one or more property combination. Differently, due to potential large pathloss mismatch between UL carrier and DL carrier, power offset range for PUSCH should be reconsidered at least for LTE-NR co-existence scenario [5].
On considering SRS power for one carrier with PUSCH, at least two SRS PC types should be supported. The first SRS PC type is for CSI measurement and the second SRS PC type is for beam management. At least for the first SRS PC type, one or multiple SRS PC processes should be associated with the associated PUSCH PC process with the same RS resource configuration for PL. Like LTE, open-loop PC parameters {P0,
[image: image7.wmf]a

} for associated PUSCH can be set for the SRS PC with power offset. Differently, second SRS PC type may have specific PC setting (e.g. power offset) and maintain the same power for SRS transmission for multiple beam pair link. In addition, SRS PC may have separate PC parameters setting without any relation with PUSCH (e.g. SRS switching).
Observation 1: The UE may maintain multiple open-loop parameters {P0, 
[image: image8.wmf]a

} for PUSCH wherein each is associated with one specific property combination of one or more of BPL (group) , grant type, traffic service type (e.g.related to numerology and slot type), etc. 
Observation 2: The UE may maintain multiple open-loop {P0} for SRS wherein each is associated with one specific SRS type (e.g. for CSI or beam management) and specific P0 can be determined with power offset.
As discussed in a companion contribution [5], it can be observed that the maximum coupling loss difference between DL and UL can be up to 50 dB with the assumption that UE can be with the maximum antenna gain. And for the extreme case that the antenna gain difference between the bands degrades to 0 dB, the coupling loss difference reaches 76 dB. Namely, the maximum coupling loss difference between NR unpaired carrier and SUL would be within the range from 50 dB to 76 dB.
Proposal 2: 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

2.1.3 Transmission format offset
Similar as MCS compensation offset function, transmission format offset 
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is also one compensation value associated one real transmission scheduling for the stable performance target. Typically in LTE, PUCCH with five formats supported this mechanism. Then mechanism can be reused and extended to the NR UL transmission. For example, new PUCCH with long/short format for the same overload size, the detection performance will be different. So this performance gap should be captured by the specific PUCCH format offset.
Observation 3: Transmission format compensation is needed at least for PUCCH with long/short formats.

2.1.4 Close-loop TPC
Supporting multiple transmission power command 
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 has been agreed. Mostly, considering the tradeoff between the flexibility and the corresponding issue, it’s better to main limit number of independent close-loop TPC. For example, more independent TPC operations may need to support more specific PHR which will make the PC operation more complex with more overhead. For the simplicity of TPC selection, similar as open-loop PC parameter configuration, multiple separate close-loop 
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 should be preconfigured for multiple UL transmission property combination wherein each separate close-loop 
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 is associated with one specific property combination. At least for PUSCH and SRS for CSI measurement with same RS resource for PL estimation, same TPC can be shared. Moreover, the TPC selection can be determined by UE without any extra dynamic indication. However, to allow for NR new features, e.g., duplexing flexibility, some enhancements of closed-loop PC design should be considered. As discussed in our companion contribution [4], the power adjustment parameter capturing the characteristics of cross-link interference to enable duplexing flexibility is preferred to be indicated as a separate L1 signalling instead of being merged into the existing TPC command. 
Observation 4: The UE can maintain multiple and limited (i.e. N=2)closed-loop power control states based on multiple TPC commands for accumulative mode wherein each is associated with one specific property combination of one or more of BPL (group) , grant type, traffic service type (e.g. related to numerology and slot type, duplexing, etc. 

2.1.5 EIRP-based vs TRP-based UL PC and PHR

Total Radiated Power (TRP) is a conducted metric measuring the amount of power radiated by antennas in all directions, usually measurable at the antenna connector and can be seen as the PA output power. It may also be called the UE output power. On the other hand, Effective Isotropic Radiated Power (EIRP), or Equivalent Isotropic Radiated Power, is a radiation metric measuring the amount of power radiated by antennas along a single direction, which includes the directivity (directional antenna beamforming gain in that direction). Such an EIRP cannot be measured at the antenna connector and generally needs to be measured OTA. LTE UL PC, PHR, power class, and Pcmax are based on TRP. For high frequency (HF) in NR, RAN4 has agreed to adopt EIRP for power class and Pcmax. After comparing various options, we propose to keep HF UL PC and PHR to be TRP-based, and a quantity similar to LTE-type of Pcmax, i.e., an achievable maximum TRP, should be defined.

Observation 5: It is desirable to keep UL PC and PHR based on Total Radiated Power instead of EIRP.
Based on all discussions and observations above, we have the following proposals for PUSCH/PUCCH/SRS PC framework configuration:

Proposal 3: For PUSCH PC, support formula
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· 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
Proposal 4: For PUCCH PC, support formula
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· Support at least Pcmax,c(i), MPUCCH(i), P0,PUCCH, 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)
Proposal 5: For SRS PC, support formula
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· 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)
3 Conclusion
In this contribution, further discussions on UL PC in NR were presented. We have the following observations:
Observation 1: The UE may maintain multiple open-loop parameters {P0, 
[image: image16.wmf]a

} for PUSCH wherein each is associated with one specific property combination of one or more of BPL (group) , grant type, traffic service type (e.g. related to numerology and slot type), etc. 

Observation 2: The UE may maintain multiple open-loop {P0} for SRS wherein each is associated with one specific SRS type (e.g. for CSI or beam management) and specific P0 can be determined with power offset.

Observation 3: Transmission format compensation is needed at least for PUCCH with long/short formats.

Observation 4: The UE can maintain multiple and limited (i.e. N=2)closed-loop power control states based on multiple TPC commands for accumulative mode wherein each is associated with one specific property combination of one or more of BPL (group) , grant type, traffic service type (e.g.related to numerology and slot type, duplexing, etc. 

Observation 5: It is desirable to keep UL PC and PHR based on Total Radiated Power instead of EIRP.

Based on the observations, we have the following proposals
Proposal 1: For PL estimation, NR supports

· RS resource configuration for PL for PUSCH/PUCCH/SRS should include RS type (e.g. CSI-RS and/or SS block)

· L1 RSRP should be supported for PL estimation based on CSI-RS and/or SS block.

· RS resource index for PL for PUSCH/PUCCH/SRS can be determined by the UL resource configuration with DCI and RRC.

· The association between RS resource for PL and UL resource configuration should be based on QCL assumption between antenna port of RS for PUSCH/PUCCH/SRS and DL RS (e.g. CSI-RS and/or SS block).

· PL compensation for asymmetric UL/DL should be supported. 
Proposal 2: 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

Proposal 3: For PUSCH PC, support formula
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· 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
Proposal 4: For PUCCH PC, support formula
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· 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)

Proposal 5: For SRS PC, support formula
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· 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)
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