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Introduction
[bookmark: _GoBack]In this contribution, we discuss the text proposal provided in the accompanying draft CR [1] on corrections for the specifications TS 38.213 [2] regarding number of closed-loop power control (CL-PC) processes that are maintained at the UE for a given serving cell. We explain that the current specification can be interpreted to imply up to 16 CL-PC processes for PUSCH, up to 16 CL-PC processes for PUCCH, and up to 24 CL-PC processes for SRS per serving cell. Accordingly, we propose to capture the previous RAN1 agreements that ensure only up to 2 CL-PC processes for PUSCH/PUCCH and up to 3 CL-PC processes for SRS per serving cell, avoiding ambiguous specifications, risk of misinterpretation of number of PUSCH/PUCCH/SRS closed-loop power control (CL-PC) processes with potential discrepancy between gNodeB and UE. 
Restrictions on the Number of Closed-Loop Power Control Processes
Excerpt from RAN1 #95 Chairman Notes [3]
For next meeting
Maintenance of closed loop power control for BWP switching (including whether it is needed)


Excerpt from RAN1 #94-Bis Chairman Notes [4]
For further discussion in RAN1#95
Whether specification clarification is needed on the number of closed-loop PC processes maintained at the physical layer. 


NR supports configuration of multiple closed-loop processes to facilitate beam-specific power control and features such as SUL and configured grant. However, appropriate limits on the number of closed-loop power control (CL-PC) processes have been considered. In particular, RAN1 has agreed for UE to maintain up to 2 CL-PC processes per serving cell for PUSCH/PUCCH, and up to 3 closed-loop processes per serving cell for SRS, all irrespective of bandwidth part (BWP)-specific configurations. These agreements (see Annex), that ensure reasonable UE complexity, have not been captured in the specification TS 38.213 [2].
Based on discussion in RAN1#94-Bis and RAN1#95, there is an evident divergence among different companies in interpretation of the current RAN1 and RAN2 specifications regarding (i) the number of CL-PC processes, e.g., for the case of PUSCH, whether the UE maintains up to 2 CL-PC processes per serving cell or up to 2 CL-PC processes per UL BWP (i.e., up to a total of 8 CL-PC processes for a serving cell without SUL, and up to 16 CL-PC processes for a serving cell with SUL) and (ii) whether the UE resets the accumulated CL-PC processes after UL BWP switching or if the UE maintains those accumulations even after UL BWP switching and re-uses/carries-over them when eventually returning back to the old UL BWP after a time gap. 
In addition, the understanding of at least some companies of the RRC configuration in TS 38.331 [5] of CL-PC processes per UL BWP (inspired by RAN1#92 agreement copied in Annex 1) appears to be that, e.g., for the case of PUSCH, the parameter twoPUSCH-PC-AdjustmentStates in each UL BWP defines one or two distinct CL-PC processes, but this is an invalid interpretation: the parameter describes only the number of PUSCH power control adjustment states maintained by the UE for the UL BWP. It does not indicate whether the CL-PC process configured for a first UL BWP is the same or different than the CL-PC process configured for a second UL BWP, which is simply per gNB configuration/implementation. RAN1 specification needs to ensure reasonable UE complexity, and capture the agreement of 2/3 CL-PC processes per serving cell. (In a similar example, RRC configuration of up to 4 PUSCH pathloss references per UL BWP does not imply that, the PUSCH pathloss references configured for a first UL BWP are necessarily distinct from those configured for a second UL BWP; in fact, they can all be the same.)
The following figure can help clarify the issue.
[image: ]

To calculate CL-PC accumulation for transmission occasion [i] on UL-BWP-1:
· Per current spec, use CL-PC information from transmission occasion (i-i0) on UL-BWP-1, which would mean maintaining separate CL-PC even after BWP switching, so a total of up to [2 SUL] * [4 BWP] * [2 CL-PC per BWP per uplink] = 16 CL-PC per serving cell for PUSCH/PUCCH (and up to 3*4*2 = 24 CL-PC per serving cell for SRS) need be maintained at the UE. 
















 “ is a sum of TPC command values in a set  of TPC command values with cardinality  that the UE receives between  symbols before PUSCH transmission occasion  and  symbols before PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell  for PUSCH power control adjustment state , where  is the smallest integer for which  symbols before PUSCH transmission occasion  is earlier than  symbols before PUSCH transmission occasion ”
· Per RAN1 agreements: use CL-PC information from transmission occasion (i-i0) on UL-BWP-2, which would mean maintaining only 2 CL-PC for PUSCH/PUCCH (3 CL-PC for SRS) per serving cell even after UL BWP switching. This is per RAN1 agreements in RAN1#90-Bis and RAN1#91 in the Annex, and needs to be captured.
Proposal: Specification should capture RAN1 agreements on the number of closed-loop PC processes maintained at the physical layer. Proposals are provided in the accompanying draft CR.
Conclusion
In summary, we propose the following for the number of CL-PC processes maintained at the UE and the update of CL-PC upon UL BWP switching:
Proposal: Specification should capture RAN1 agreements on the number of closed-loop PC processes maintained at the physical layer. Proposals are provided in the accompanying draft CR.
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Annex – Previous Agreements
For PUSCHAgreements: (RAN1 #90-bis [6])
For N closed-loop power control processes, i.e., fc(i,l), for NR PUSCH power control for serving cell c, the following working assumption is confirmed:
N is up to 2

Agreement (RAN1 #90-bis [6])
Support the following PUSCH power control in NR:


· 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

Agreement (RAN1#91 [7])
The following working assumption is confirmed 
If N=2 (number of closed loop process) is configured for UE, l can be configured for the following aspects 
for two uplinks of SUL band combination



For PUCCH
Working Assumption: (RAN1 #90-bis [6])
· Support Pcmax,c(i), P0_PUCCH(F), PLc(k), g(i) for NR PUCCH power control in slot i for serving cell c.
…
· Support up to 2 closed-loop power control processes, i.e., l 
· The closed-loop control process is configured by RRC signalling
· Reset trigger by RRC re-configuration of P_0, FFS: beam changing, etc. 
· Only accumulative TPC command
· ...


For SRS
Agreements: (RAN1#90-bis [6])
For SRS power control
           [image: cid:WSBAF4Z2BE71@namo.co.kr]
–    …
–       For h_SRS,c(i), 
   At least the following can be configured by RRC for serving cell c on which the UE is configured with PUSCH
   h_SRS,c(i) = fc(i,l) where l = 1, 2
   FFS on the following
–       If h_SRS,c(i) = 0 is supported.
–       If additional closed loop is supported for SRS power control in case that SRS power control is tied with PUSCH power control.
–       h_SRS,c(i) in case that SRS power control is not tied with PUSCH power control
–       If both accumulative TPC and absolute TPC are supported for SRS power control
   For serving cell c on which the UE is not configured with PUSCH
–       Closed-loop power control process for SRS is separately configured and not linked to closed-loop power control process for PUSCH of other serving cell(s) on which the UE is configured with PUSCH
–       …

Agreement:  (RAN1#91 [6])
For the serving cell configured with PUSCH, SRS closed loop process in the case the SRS is not tied with PUSCH supports separate h_SRS,c(i)
· Accumulative TPC and absolute TPC are both supported and separately configured from PUSCH  
· Accumulative or absolute TPC command is sent on group DCI with TPC-SRS-RNTI


For BWP-specific configurationAgreement: (RAN1#92 [8])
For UE specific pucch-PowerControl and pusch-PowerControl configuration, at least including UL power control parameter set, DL RS for path loss estimate and closed-loop power control process:
· Individual parameters are configured per BWP
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Tx occasion (i-i_0) fli)=? for Tx occasion (i)
ULBWP 1 on UL BWP-1 on UL BWP-1

Tx occasion (i-i_0)
ULBWP 2 on UL BWP-2
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