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Introduction
In RAN1#90AH, the following agreements were made:
Agreement:


· 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
In this contribution, we will present our view on beam specific PC for PUSCH in NR in terms of how to indicate a PUSCH transmission linked to a certain {j, k, l}. We will furthermore also discuss PC for PUCCH and SRS. 
PUSCH PC
It has been agreed that NR supports beam specific power control. The formula for beam specific PC can according to the recent agreement be written as  

where the index i is omitted. Hence, there will exist a number of PC parameter sets of {j,k} and these sets will in turn be linked to a set of beams which then enables beam specific PC. An example of this is illustrated in Table 1-Table 3 below. 

Based on this we identify a number of questions that needs to be addressed by RAN1 in order to finalize this framework: 
1. How will the gNB and UE link a PC-parameter-set {I,k} to a certain beam?
2. How will the UE know which beam to use, and hence which {I,k}, when setting the output power for a certain beam for PUSCH transmission?
We will give our view of these questions in below. 
Since the topic on beam specific PC is tightly connected to beam management it is essential to design the PC framework with the beam management framework in mind. In RAN1#90 (Prague) and RAN1 NR AdHoc#3, the following agreement was made related to DL beam indication. 
Agreement #1: (RAN1#90)
· For the purposes of beam indication for at least NR unicast PDSCH, support an N-bit indicator field in DCI which provides a reference to a DL RS which is spatially QCL’d with at least one PDSCH DMRS port group
· An indicator state is associated with at least one index of a DL RS (e.g., CRI, SSB Index) where each index of downlink RS can be associated with a given DL RS type,  e.g., aperiodic CSI-RS, periodic CSI-RS, semi-persistent CSI-RS, or SSB, 
· Note: L1-RSRP reporting on SSB is not yet agreed
· Note: One possibility to determine DL CSI-RS type is through the resource setting ID, other options are not precluded
· The value of N is FFS, but is at most [3] bits 
…

Agreement #2: (RAN1 NR AdHoc#3)
A UE is RRC configured with a list of up to M candidate Transmission Configuration Indication (TCI) states at least for the purposes of QCL indication
· Whether M equal to or larger than 2N is for further study, where N is the size of the DCI field for PDSCH
…

Agreement #3: (RAN1 NR AdHoc#3)
The QCL configuration for PDCCH contains the information which provides a reference to a TCI state
· Alt 1: The QCL configuration/indication is on a per CORESET basis
· The UE applies the QCL assumption on the associated CORESET monitoring occasions. All search space(s) within the CORESET utilize the same QCL.
· Alt 2: The QCL configuration/indication is on a per search space basis
· The UE applies the QCL assumption on an associated search space. This could mean that in the case where there are multiple search spaces within a CORESET, the UE may be configured with different QCL assumptions for different search spaces.
· Note: The indication of QCL configuration is done by RRC or RRC + MAC CE (FFS: by DCI)
Note: The above options are provided as input to the control channel agenda item discussion
Agreement #4: (RAN1 NR AdHoc#3)
· For QCL indication for PDSCH:
· When TCI states are used for QCL indication, the UE receives an N-bit TCI field in DCI
· The UE assumes that the PDSCH DMRS is QCL with the DL RS(s) in the RS Set corresponding to the signaled TCI state
· FFS: whether or not a QCL type is configured, configuration details are for further study
·  Whether or not the TCI field is always present in a given DL-related DCI is FFS
· FFS: Whether or not the TCI field is in the same DCI as that containing the PDSCH scheduling assignment
· FFS: Timing between when the UE receives a QCL configuration/indication and the first time that the QCL assumption may be applied for demodulation of PDSCH or PDCCH

As can be seen agreement #1 establishes that an N-bit indicator field in DCI provides at least a spatial QCL reference to a DL RS (either CSI-RS or SSB) to aid in the demodulation of PDSCH. A given value of the indicator is referred to as an indicator state, and it is associated with an index of the DL RS (CRI or SSB Index). Clearly, the functionality supported by this N-bit indicator is analogous to PQI in LTE which is used for the purposes of QCL and PDSCH rate matching indication in DCI format 2D supporting CoMP operation. 
In agreement #2 the N-bit indicator is potentially generalized, depending on future agreements, into an index denoted Transmission Configuration Indication (TCI). The exact relationship between TCI and the N-bit indicator remains to be specified. In agreement #3 it is agreed that PDCCH will be configured using the TCI or to put it differently, TCI will be used to indicate which PDCCH beam that should be used out of the available 2N beams. A similar agreement is done in agreement #4 where it is stated that which PDSCH beam to use can be indicated using the N-bit indicator in DCI. 
To summarize this, a framework has been developed for beam management purposes in order to define which beam, out of a number of candidate beams, that should be used for DL transmission. From a PC perspective we then note that there will exist a framework for linking a beam to an indicator state as well as a way to communicate this indicator state to the UE from the gNB. Hence, these two abilities, introduced within the beam management are, does indeed relate to questions discussed in the area of PC. 
For instance, in the case of UEs with beam correspondence, we would like the UE to transmit PUSCH in a reciprocal direction to the beams defined for DL RS (CSI-RS or SSB) contained in the RS set of a signaled TCI (as discussed in [1]). From a beam specific PC perspective, it therefore becomes natural to also link the PC parameter set with the state indicated by the TCI field included in the UL grant. Thereby we would reuse the beam management framework for beam indication and also power control which would avoid duplication of signalling  
Based on this we propose
[bookmark: _Hlk492901698][bookmark: _Toc492915007][bookmark: _Toc492919827][bookmark: _Toc492919915][bookmark: _Toc494464150][bookmark: _Toc494466319][bookmark: _Toc494740413][bookmark: _Toc494741896][bookmark: _Hlk494748757]Reuse the implicit/explicit beam indication mechanisms defined for beam management purposes for UL PC purposes as much as possible to avoid specifying redundant signalling. 
For a PUSCH transmission, the set of PC parameters {j,k} the UE uses to set its transmit power is determined from the N-bit indicator which is implicitly or explicitly signalled to the UE for that transmission. 
PUCCH PC 
It has been agreed to support beam specific PC for NR and given the recent agreement on PUSCH it may be argued that this is now fulfilled. However, since both PUSCH and PUCCH may operate based on beam management procedures it would be natural to support beam specific PC for both PUSCH and PUCCH. We furthermore think that the frameworks for these two cases should be as similar as possible. Therefore, we propose
[bookmark: _Toc494464151][bookmark: _Toc494466320][bookmark: _Toc494740414][bookmark: _Toc494741897]Define beam specific PUCCH PC from {j,k} in a similar way as PUSCH PC.
[bookmark: _Toc494464152][bookmark: _Toc494466321][bookmark: _Toc494740415][bookmark: _Toc494741898]For PUCCH PC, in case of beam correspondence, utilize the N-bit indicator field which provides a reference to a DL RS which is spatially QCL’d with at least one PDCCH DMRS port group in order to define a corresponding beam specific PC set {j,k}.  
[bookmark: _Toc494464153][bookmark: _Toc494466322][bookmark: _Toc494740416][bookmark: _Toc494741899]For a PUCCH transmission, in case of beam correspondence, the set of PC parameters {j,k} the UE uses to set its transmit power is determined from N-bit indicator which is implicitly or explicitly signalled to the UE for that transmission. 
SRS PC
For NR the following agreements have been made related to SRS. 

Agreements: #S1
· Support gNB to configure one or more groups where each group contains one or more SRS resource(s) to UE
· Note: different groups may be for different purposes, e.g., one or more groups for beam management, one for DL CSI acquisition, one for UL CSI acquisition, etc.

Agreements: #S2
· When UE beam correspondence holds,
· NR supports the indication for a configured SRS resource, where the transmission of the SRS resource is performed with the same spatial filtering as the one used for the reception of the indicated DL RS
· The indication can be based on CSI-RS resource, 
· FFS: signaling details (e.g., a low overhead mechanism, reciprocal QCL (if supported))
· FFS: The indication via MAC CE and/or DCI
· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS
· The UL RS indication can be SRI (SRS resource indicator), at least
· FFS: The indication via MAC CE and/or DCI

Agreements: #S3
· When UE beam correspondence is not hold, 
· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS
· The UL RS indication can be SRI (SRS resource indicator), at least
· FFS: The indication via MAC CE and/or DCI

Agreements:  #S4
· NR supports both Alt. 1 and Alt. 2 as TX beamformer determination for SRS from previous agreement.
· Alt.1: UE applies gNB-transparent Tx beamformer to SRS (e.g., UE determines Tx beam for each SRS port/resource)
· Alt.2: based on gNB indication, e.g. via SRI

As stated in agreement #S1 there is not only one use case for SRS transmission and the NR PC framework would need to take this into consideration. We identify some different use cases for SRS transmission below: 
1. Transmit SRS related to beams defined from DL RS transmissions, for instance while operating with beam management operation. As can be seen this kind of operation has been agreed from the agreement #S2. 
2. Transmit SRS related to beams defined for UL RS transmission which would be a kind of UL beam management use case. This has been agreed with agreement #S3. 
3. Transmit SRS not related to DL/UL RSs as agreed from agreement #S4. This would for instance be the case of an UE operating in low band with a number, X, of unprecoded SRS ports, here a  X-port SRS transmission would then be carried out. 
We will discuss these use cases from the perspective of power control in the following sections. 
Beam specific SRS PC
In LTE the SRS power control was given as 

.
Hence, SRS PC was tightly connected to PUSCH PC.
For SRS transmission in NR, it has been agreed that a transmission can be carried out in a beam defined from an DL RS and an UL RS as discussed by use cases 1-2 above. Since also the beams used in beam management for PUSCH will be initiated and created based on UL or DL RSs our interpretation is that it will be possible to transmit SRS in the same beams as used for PUSCH transmission. Furthermore, in case that the SRS is used for UL link adaptation purposes it becomes crucial that the PUSCH PC and the SRS PC are tied together in the same way as it was in LTE where PUSCH PC was related to the SRS PC by a fixed and known offset P_SRS_offset. If the offset instead was unknown, as for instance if PUSCH PC and SRS PC were not tied together, the usefulness of the SRS transmission would be questionable since it would not be possible to relate it the PUSCH transmission. Due to this we think that NR should support beam specific SRS PC in addition to beam specific PUSCH PC as 

Furthermore, introducing this formula we would imply that the following questions need to be addressed: 
1. How will the gNB and UE link a PC-parameter-set {I,k,l} to a certain beam?
2. How will the UE know which beam to use, and hence which {I,k,l}, when setting the output power for a certain beam for SRS transmission?
These questions are, as previously mentioned, also being discussed for beam specific PUSCH PC and we therefore find it appropriate to unify these frameworks as much as possible. Based on this we have the following proposals
[bookmark: _Toc494738358][bookmark: _Toc494740012][bookmark: _Toc494740418][bookmark: _Toc494741901]Support beam specific SRS PC such that it is tied together with beam specific PUSCH PC. 
[bookmark: _Toc494738359][bookmark: _Toc494740013][bookmark: _Toc494740419][bookmark: _Toc494741902]Reuse the implicit/explicit beam indication mechanisms defined for PUSCH PC purposes for beam specific SRS PC purposes as much as possible to avoid specifying redundant signalling frameworks.  
Non-beam specific SRS PC
As discussed previously it will in NR also be possible to transmit SRS that does not relate to any DL/UL RSs (use case 3). This would then constitute a non-beam specific SRS transmission. Also here we find it natural to relate the transmission to the PUSCH PC by using 

and we identify the following alternatives for choosing which {j,k} to use for the non-beam specific SRS process:  
· Alt 1: support/utilize a separate PC loop {j,k} not necessarily attached to any specific beam. 
· Alt 2: use the {j,k} PC loop currently, or last used, for PUSCH transmission and transmit using that together with a defined P_SRS_OFFSET. 
Both these approaches should be able to support the flexibility needed for operating with non-beam specific SRS PC. 
[bookmark: _Toc494738360][bookmark: _Toc494740014][bookmark: _Toc494740420][bookmark: _Toc494741903]Support non beam specific PUSCH PC and SRS PC. 

Conclusions
We make the following proposals:
1.  Reuse the implicit/explicit beam indication mechanisms defined for beam management purposes for UL PC purposes as much as possible to avoid specifying redundant signalling. 
For a PUSCH transmission, the set of PC parameters {j,k} the UE uses to set its transmit power is determined from the N-bit indicator which is implicitly or explicitly signalled to the UE for that transmission. 
Define beam specific PUCCH PC from {j,k} in a similar way as PUSCH PC.
For PUCCH PC, in case of beam correspondence, utilize the N-bit indicator field which provides a reference to a DL RS which is spatially QCL’d with at least one PDCCH DMRS port group in order to define a corresponding beam specific PC set {j,k}.  
For a PUCCH transmission, in case of beam correspondence, the set of PC parameters {j,k} the UE uses to set its transmit power is determined from N-bit indicator which is implicitly or explicitly signalled to the UE for that transmission. 

Support beam specific SRS PC such that it is tied together with beam specific PUSCH PC. 
Reuse the implicit/explicit beam indication mechanisms defined for PUSCH PC purposes for beam specific SRS PC purposes as much as possible to avoid specifying redundant signalling frameworks.  
Support non beam specific PUSCH PC and SRS PC. 
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