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1. Introduction
Uplink (UL) power control has been an integral part in the design of LTE/LTE-A systems, where both an open-loop (OL) and closed-loop (CL) power control mechanisms are employed. The framework for UL power control as standardized in LTE/LTE-A system is well-designed and sufficiently flexible, as testified by the fact that only slight modifications are made to support MIMO, carrier aggregation (CA), and dual connectivity (DC). However, to support beam-based operations as well as diverse application scenarios in 5G NR, the current UL power control framework is insufficient and has to be enhanced to some extent. Pertinent agreements made in RAN1 #90b are listed below for quick reference [1]:
Agreement:

· NR adopts the SRS Tx beam indication, i.e., by a SRS resource or by a DL RS 

· The DL RS supported at least include CSI-RS and SSB. 

· NR supports the indication of at least the spatial relations between the DL RS and the UL SRS Tx beam via at least the following mechanisms.

	Spatial parameter
	Reference RS
	Target RS
	Signalling mode

	Spatial
	SSB/CSI-RS (at least P-CSIRS and SP -CSI-RS), P-SRS

FFS: AP-CSI-RS, SP-SRS
	P SRS
	RRC



	Spatial
	SSB/CSI-RS(at least P-CSIRS and SP -CSI-RS), P-SRS/ SP-SRS

FFS:AP-SRS, AP-CSI-RS
	SP-SRS
	RRC + MAC-CE



	Spatial
	SSB/CSI-RS (at least P-CSIRS and SP -CSI-RS), P-SRS, SP-SRS, AP-SRS
Working assumption: AP-CSI-RS
	AP SRS
	RRC or RRC+MAC CE for configuration,
indication with DCI 


 FFS: The use of spatial relation across CCs and/or BWPs.
Agreement

Support the following PUSCH power control in NR:
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· For the pathloss measurement RS indication.
· k is indicated by beam indication for PUSCH (if present) 
· A linkage between PUSCH beam indication and k which is index of downlink RS resource for PL measurement is pre-configured via high layer signal
· Only one value k is RRC configured in UE specific way if PUSCH beam indication is not present 
· Value of P_0 is composed by cell specific component and UE specific component
· At least three cell specific component values of P_0 can be configured
· alpha is 1 by default before UE specific configuration
· Candidate values are the same as in LTE
· j can be configured for the following aspects
· grant-based PUSCH, grant-free PUSCH and PUSCH for msg 3
· PUSCH beam indication (if present) for grant-based PUSCH

· FFS: logical channel of PUSCH
· slot sets (if supported)

· Working assumption: for two uplinks of SUL band combination
· If N=2 (number of closed loop process) is configured for UE, l can be configured for the following aspects 
· PUSCH beam indication (if present) for grant-based PUSCH
· slot sets (if supported)

· grant-free PUSCH and grant based PUSCH 
· FFS: logical channel(s) carried by PUSCH
· Working assumption: for two uplinks of SUL band combination
· FFS: whether delta_TF takes into account received SNR target difference between DFT-s-OFDM and CP-OFDM or not.
Capturing the agreement in the NR specification is up to the editor
During the email discussion, concerns and debates on how the various parameters involved in the UL power control formula are associated, indicated to the UE, as well as captured in the specification arise. In this contribution, we make further discussions and clarifications in this respect. We also discuss some other remaining issues regarding UL power control.

2. Discussions
It has been agreed that NR UL power control supports beam-specific OL parameters, beam-specific pathloss, as well as beam-specific CL power control processes. The explicit UL power control formula has also been agreed as listed in Introduction. The association between pathloss and beam is captured by the parameter k, which is linked to the beam indication for PUSCH. Similarly, the association between OL parameters and beam is captured by the index j; while for CL power control the index l is used. To lower UE complexity, consensus on limiting the maximum number of CL power control processes to 2 has been reached relatively easily. There are, however, a lot of controversies and confusion around the OL parameter j, and how all the parameters are linked and made known to the UE. The association between j and l as captured in 38.213 [2] is for l to divide the set of values for j, denoted by J, into two disjoint sets. This has been moved however in a later revision. From the agreements we have made so far, it is clear that every parameter is somehow linked to the UL beam indication; while in some cases the parameters also depend on other factors. How the UE obtains the information of UL beam has not been fully finalized yet. This is one of the sources that is creating confusion in the discussion on UL power control. In the following, we first look at the aspect of UL beam indication; then move on to our proposals on UL power control.
For DL beam management, it has been agreed that the DL RS QCL relation is signaled to the UE via a transmission configuration indication (TCI) field. For UL, it has been agreed that SRI can be used for UL beam indication, and it is further agreed in the last meeting that for UL beam management both SRS resource and DL RS can be used for beam indication. Considering UEs having the capability of beam correspondence, the framework for DL beam indication can directly be reused for UL beam indication. Upon receiving a DL QCL reference, the UE simply applies the same spatial filtering configuration used for reception for later UL transmission. For UEs having only partial or no capability of beam correspondence, by extending the definition of TCI to also include UL RSs, the same procedure can again be applied for UL beam indication. Similar observations have also been made by other companies [3][4]. Having a unified framework for beam indication not only lowers the specification and system complexities, this is also practical from a time budget perspective. 
Observation 1: A unified framework for DL and UL beam indication is desirable and lowers specification effort.
For the OL parameter j, it is a common understanding that j can be determined from the combination of the current transmission attributes, which at least include grant-based PUSCH, grant-free PUSCH, PUSCH for msg 3, PUSCH beam indication (if present) for grant-based PUSCH, etc as listed in the agreement. As the UE is always scheduled to perform an UL transmission (or configured in the case of UL grant-free), the UE has knowledge of all the transmission attributes on which j is dependent. For the index of downlink RS resource for PL measurement k, it has been agreed that the linkage between PUSCH beam indication and k is pre-configured via high layer signaling. It thus follows that both j and k can be implicitly known by the UE. It thus should be clarified that as a general principle, the only parameter that is explicitly signalled to the UE is UL beam indication; all the rest parameters are implicitly derived based on the UL beam and possibly a few other transmission attributes.
Proposal 1: Only UL beam indication is explicitly signaled to the UE. The rest parameters, j, k, and l are all implicitly derived by the UE.
As already noted, for UL beam indication we see advantages in adopting a similar approach as for the DL. Therefore a QCL reference table consisting of DL or UL RS for UL DMRS QCL indication is envisioned. Such a table is higher layer signaled to the UE, and a configuration is dynamically indicated to the UE for UL DMRS QCL reference. As it has been agreed that the linkage between k and UL beam indication is pre-configured via high layer signalling, it is then straightforward to expand the aforementioned table to include one more column for k, so that the UE gains knowledge of k once it receives a QCL reference configuration.
For maximum flexibility, the number of possible OL parameter value j should be able to cover all combinations of transmission attributes. The most notable change in NR is the support of beam-based operation. Considering the addition of only beam-based operation in NR, this means that if there are N candidate UL beam directions to be indicated, the size of the set j should be N times larger as compared with LTE/LTE-A system. Clearly mandating always such flexibility is excessive and adds to the burden of gNB signalling; but on the other hand we should not put restriction on the possible signalling combinations. Following a similar way of defining the association between k and the UL beam indication, it is desirable to further expand the definition of the QCL reference table by adding more columns, with each column dedicated to a unique combination of transmission attributes. If a particular transmission attribute is beam irrelevant, a single value of j is applied for the whole column. New columns can be added in a well-organized way to achieve forward compatibility.
Proposal 2: The PL measurement RS index k is configured along with the configuration of the QCL reference table for UL DMRS QCL indication by an extra column.
Proposal 3: The OL parameter j is configured along with the configuration of the QCL reference table for UL DMRS QCL indication by adding more columns.
It is still FFS that whether ΔTF,c(i) takes into account the received SNR target difference between DFT-s-OFDM and CP-OFDM or not. This issue has to be addressed as CP-OFDM not only has a 2 dB disadvantage when driving PA while avoiding signal distortion, the difference between the SNR operating points between the two waveforms could also exceed 2 dB when 64QAM is used [5]. In principle, it is possible to further expand the scope of the OL parameter j to take the UL waveform into account as it is by definition one of the transmission attributes. This however complicates the already complicated combinations for P0,c(j). Augmenting the definition of ΔTF,c(i) to encompass the SNR difference between the adopted UL waveform, on the other hand, seems more straightforward and is an equally reasonable solution.
Proposal 4: ΔTF,c(i) takes into account the received SNR target difference between UL waveforms.
When switching to a different UL numerology, e.g., from 15 kHz to 30 kHz, the signal PSD decreases as a result of a wider bandwidth if no adjustments are made to the power control parameters. Equivalently, this lowers the received SINR as more noise and interference power are included. To maintain a somewhat similar operating point, the effect of different SCS could be taken into account by modifying the definition of number of allocated PRB, MPUSCH,c(i). Specifically, MPUSCH,c(i) can be defined relative to a default numerology. The mechanism of fc(i,l) could then take care of any remaining differences. It is noted that this issue could also be dealt with by setting P0,c(j) appropriately. However, again it is our preference not to have an overly complicated setting of P0,c(j).
Proposal 5: Define MPUSCH,c(i) relative to a default numerology to compensate the effect of different SCS.
3. Conclusions
In this contribution, we have discussed the remaining issues related to UL power control for NR. We have the following proposals:
Proposal 1: Only UL beam indication is explicitly signaled to the UE. The rest parameters, j, k, and l are all implicitly derived by the UE.
Proposal 2: The PL measurement RS index k is configured along with the configuration of the QCL reference table for UL DMRS QCL indication by an extra column.
Proposal 3: The OL parameter j is configured along with the configuration of the QCL reference table for UL DMRS QCL indication by adding more columns.
Proposal 4: ΔTF,c(i) takes into account the received SNR target difference between UL waveforms.
Proposal 5: Define MPUSCH,c(i) relative to a default numerology to compensate the effect of different SCS.
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