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Introduction
In this contribution, we provide our views on some necessary clarifications and essential refinements for NR UL power control specification in TS 38.213 [1] for non-CA power control, and CA-based power control. In particular, we address some of the issues raised in RAN1#94-Bis to be resolved in this meeting. 
Non-CA Power Control
Restrictions on the Number of Closed-Loop PC Processes
Excerpt from RAN1 #94-Bis Chairman Notes [2]
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 [1].
Based on offline discussion in RAN1#94-Bis, 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 [3] 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 same or different than the CL-PC process configured for a second UL BWP which is gNB configuration/implementation.RAN1 specification needs to ensure reasonable UE complexity, and capture the agreement of 2 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.)
Proposal 1: Specification should capture RAN1 agreements on the number of closed-loop PC processes maintained at the physical layer. Text proposals are provided in the accompanying draft CR.
PUCCH PC Setting after Successful BFR
The following Working Assumptions were made in the previous meeting in the MIMO and UL PC sessions. 
Working Assumption (RAN1 #94-Bis)
K symbols after successfully receiving BFR gNB response, the PUCCH transmissions shall use the same spatial filter as the PRACH transmission until the UE receives an activation or reconfiguration of spatial relation of corresponding PUCCH resource(s)
· Note: The latency of RRC or MAC CE configuration is included as part of time duration for applying the same spatial filter as the PRACH transmission
· The above applies for all BWP(s) corresponding PCell or PSCell
· FFS: value of K
· FFS: whether to apply this for CBRA 


Working Assumption (RAN1 #94-Bis)
After successfully receiving BFR gNB response, until the UE receives an activation or reconfiguration of spatial relation of PUCCH resource(s), and when a corresponding PUCCH transmission uses a same spatial filter as a PRACH transmission for BFR, the corresponding PUCCH transmission shall use the following UL power control parameters.
· P0 is given by the values corresponding p0setindex =0 of p0-pucch-set (i.e., q_u=0)
· 
 is calculated according to one DL RS associated with the PRACH transmission. 
· Closed loop index l=0
· FFS: whether to apply this for CBRA 
· Notes: The above applies to PCell or PSCell.

We believe the power control WA above needs to be confirmed with modifications as follows, since it does not currently conform to the agreed principle of beam-specific power control.
· For the case that the spatial filter for PRACH transmission for BFR is included in the set of configured referenceSignal in PUCCH-SpatialRelationInfo:
· The open-loop and closed-loop power control parameters need to follow the configured p0-PUCCH-Id and closedLoopIndex in PUCCH-SpatialRelationInfo, respectively. 
· The corresponding PUCCH CL-PC process should not be reset, but should carry over the accumulation.  
· For the case that the spatial filter for PRACH transmission for BFR is not included in the set of configured referenceSignal in PUCCH-SpatialRelationInfo: 
· It is fine to use a fall-back setting, including PUCCH closed-loop index l=0; in addition the accumulation for this PUCCH CL-PC should be reset by the UE. 
· However, using p0setindex =0 of p0-pucch-set (i.e., q_u=0) is not appropriate since the P0_PUCCH value corresponding to index q_u=0 may be irrelevant for the spatial filter for PRACH transmission for BFR. Instead, the transition time after BFR and before RRC reconfiguration for PUCCH is similar to transition time before initial RRC configuration for PUCCH, for which agreements from RAN1#94 and RAN1#94-Bis (copied below) clarify that both cell-specific and UE-specific values for P0_PUCCH are 0dBm. Therefore, P0=0dBm should be used for PUCCH in this case as well. 
Agreement (RAN1#94)
UE-specific P0 for PUCCH should be assumed as 0 before UE specific RRC configuration
Agreement (RAN1#94-Bis)
· If P0_nominal is not configured for PUSCH with grant, PUSCH without grant or SRS, 
· P0_nominal for PUSCH with grant, PUSCH without grant or SRS is P0_nominal for msg3
· If P0_nominal is not configured for PUCCH
· P0_nominal for PUCCH is 0dBm

· The two solutions proposed above are applicable to both CFRA-based and CBRA-based RACH for BFR, so the FFS for CBRA can be removed. 
· 

The current implementation of the above WA in TS 38.213 [1] incorrectly states that the PUCCH pathloss reference is , where  denotes the index for the spatial filter for PRACH transmission for BFR. One should note that, the PRACH spatial filter with index  may not be a pathloss reference. Therefore, as described by WA in RAN1#94-Bis, the DL RS for pathloss estimation (and not the spatial filter) associated with the PRACH transmission for BFR needs to be used. 
Proposal 2: Confirm the WA in RAN1#94-Bis with the following modifications:
· If the spatial filter for PRACH transmission for BFR is included in the set of configured PUCCH-SpatialRelationInfo, then use the corresponding open-loop and closed-loop PUCCH power control parameters. In addition, do not reset the corresponding CL-PC. 
· If the spatial filter for PRACH transmission for BFR is not included in the set of configured PUCCH-SpatialRelationInfo, then use a fall-back PUCCH PC setting with P0 =0dBm and closed-loop index l=0. In addition, reset this CL-PC. 
· Remove the FFS for CBRA.
Text proposals are provided in the accompanying draft CR.

P0 Nominal for Msg3
The following agreement was made in the previous meeting to define default P0 values for PUSCH, PUCCH, and SRS, since the corresponding RRC parameters are optional in TS 38.331 [3] and may not be configured to the UE. 
Agreement (RAN1 #94-Bis)
· If P0_nominal is not configured for PUSCH with grant, PUSCH without grant or SRS, 
· P0_nominal for PUSCH with grant, PUSCH without grant or SRS is P0_nominal for msg3
· If P0_nominal is not configured for PUCCH
· P0_nominal for PUCCH is 0dBm



We observe for the case of PUSCH and SRS, the default is agreed to be P0_nominal for msg3. However, per TS 38.213 [1], P0_nominal for msg3 is in turn composed of two higher layer parameters preambleReceivedTargetPower and msg3-DeltaPreamble, both of which are optional in TS 38.331 [3]. Therefore, a default value is also needed for P0_nominal for msg3, which can be 0dBm.
Excerpt from TS 38.213 Section 7.1.1 [1]







If a UE is not provided P0-PUSCH-AlphaSet or for a PUSCH transmission scheduled by a RAR UL grant as described in Subclause 8.3, , , and  , where the parameter preambleReceivedTargetPower [11, TS 38.321] (for ) and msg3-DeltaPreamble (for ) are provided by higher layers for carrier  of serving cell  


Observation 1: A default value is needed for P0_nominal for msg3 in case either of the two higher layer parameters preambleReceivedTargetPower and msg3-DeltaPreamble are not provided to the UE. 
Proposal 3: Set the default value for P0_nominal for msg3 as 0dBm. Text proposal is provided in the accompanying draft CR.

CA-based Power Control
PHR Type Determination for SUL/NUL
An LS was sent by RAN2 [4] about PHR type determination for the case of two UL carriers for a serving cell, when the UE reports a capability simultaneousTxSUL-NonSUL for simultaneous transmission of PUSCH on one of the uplink carriers and SRS on the other uplink carrier. The RAN2 agreement in [4] considered the case that both Type-1 and Type-3 PHR are actual PHRs. Accordingly, RAN1#94-Bis discussed the case that one or both of Type-1 and Type-3 PHRs are virtual PHRs, and made the following agreements. 
Agreement (RAN1 #94-Bis) 
If a UE is configured with two UL carriers for a serving cell and if the UE reports a UE capability simultaneousTxSUL-NonSUL for the serving cell, and if the UE determines that Type 1 power headroom report for the serving cell is based on a reference PUSCH transmission and Type 3 power headroom report for the serving cell is based on a reference SRS transmission, the UE provides the Type-1 PHR.
If a UE is configured with two UL carriers for a serving cell and if the UE reports a UE capability simultaneousTxSUL-NonSUL for the serving cell, and if the UE determines that a power headroom for only one of the two UL carriers of the serving cell is based on an actual transmission, the UE provides a Type-1 PHR when the actual transmission is a PUSCH transmission, or provides a Type-3 PHR when the actual transmission is an SRS transmission.
FFS: Whether the above also applies for the case UE doesn’t report a UE capability simultaneousTxSUL-NonSUL for the serving cell. This aspect will be finalized in RAN1#95.
Send a reply LS to RAN2 to inform them of these two agreements (LS is endorsed in R1-1812062)


An FFS was left for the case that the UE does not report a UE capability simultaneousTxSUL-NonSUL for the serving cell. We believe the same solutions work even without this capability since: 
· For the RAN2 agreement, the case that Type-1 and Type-3 PHRs are based on actual PUSCH and SRS transmissions can happen even without a UE capability simultaneousTxSUL-NonSUL, since those transmissions can have no overlap with each other in time (i.e., they can be TDM’ed), but both overlap with the PUSCH that carries PHR (assuming a CA operation). 
· For the RAN1 agreements, the case that Type-1 or Type-3 PHRs or both are based on reference PUSCH and/or SRS transmissions can happen even without a UE capability simultaneousTxSUL-NonSUL, since there are no two transmissions (i.e., at most one of PUSCH or SRS is actually transmitted before the PHR cut-off time), so the UE capability simultaneousTxSUL-NonSUL is not needed for this case. 
Proposal 4: For RAN2 and RAN1 agreements on PHR type determination for SUL, the UE capability simultaneousTxSUL-NonSUL can be removed. Text proposal is provided in the accompanying draft CR.
[bookmark: _GoBack]Conclusion
In summary, we propose the followings for NR non-CA and CA-based power control:
Proposal 1: Specification should capture RAN1 agreements on the number of closed-loop PC processes maintained at the physical layer. Text proposals are provided in the accompanying draft CR.
Proposal 2: Confirm the WA in RAN1#94-Bis with the following modifications:
· If the spatial filter for PRACH transmission for BFR is included in the set of configured PUCCH-SpatialRelationInfo, then use the corresponding open-loop and closed-loop PUCCH power control parameters. In addition, do not reset the corresponding CL-PC. 
· If the spatial filter for PRACH transmission for BFR is not included in the set of configured PUCCH-SpatialRelationInfo, then use a fall-back PUCCH PC setting with P0 =0dBm and closed-loop index l=0. In addition, reset this CL-PC. 
· Remove the FFS for CBRA.
Text proposals are provided in the accompanying draft CR.
Observation 1: A default value is needed for P0_nominal for msg3 in case either of the two higher layer parameters preambleReceivedTargetPower and msg3-DeltaPreamble are not provided to the UE. 
Proposal 3: Set the default value for P0_nominal for msg3 as 0dBm. Text proposal is provided in the accompanying draft CR.
Proposal 4: For RAN2 and RAN1 agreements on PHR type determination for SUL, the UE capability simultaneousTxSUL-NonSUL can be removed. Text proposal is provided in the accompanying draft CR.
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Annex – Previous Agreements
For PUSCHAgreements: (RAN1 #90-bis [5])
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 [5])
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 [6])
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 [5])
· 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 [5])
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 [7])
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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