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Introduction
Uplink power control (PC) framework for NR, particularly beam-specific PC, is a critical component of the NR specification TS 38.213 [1], based on several agreements reached in the past few RAN1 meetings.
In this contribution, we provide our views on some necessary clarifications and essential refinements for NR UL power control, in particular: remaining details on PC parameter configuration in various situations; as well as reset procedures for closed-loop PC for PUSCH/PUCCH due to beam switching. 
Remaining Details on PC Parameter Configuration
PUSCH PC Setting with Dynamic Beam Indication
For PUSCH PC parameter indication, the UE is configured with direct and one-to-one semi-static mappings in RRC between PUSCH beam indication (i.e., SRI) and the set of PUSCH power control parameters . On the other hand, for semi-persistent SRS (SP-SRS), it was agreed in RAN1 AH-1801 [4] that the MAC-CE command for SP-SRS may provide new spatial relations (a.k.a., beams) for SRS resources in the SP-SRS set that override the semi-statically configured spatial relations in RRC, which is also captured in TS 38.214 [5]. Moreover, it was further agreed in RAN1 #92-bis [2] to support SP-SRS as mandatory with capability signaling, as a method to enable semi-dynamic PUSCH beam indication (MAC-CE based at a faster timescale than the previous semi-static RRC SpatialRelationInfo configuration of PUSCH beam indication for SRS resources). 
Agreement (RAN1 AH-1801 [4])
Spatial relationship for a target semi-persistent SRS resource set is provided by SSB-ID/SRS resource ID/CSI-RS resource ID in the same MAC-CE at resource level
Agreement (RAN1 #92-bis [2])
· Support SP-SRS as mandatory with UE capability signalling


From TS 38.214 v15.1.0, endorsed CR, April 2018 [5]
For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource is set to 'semi-persistent':
-	…
[bookmark: _Hlk512330606]-	if an SRS resource in the activated resource set is configured with the higher layer parameter spatialRelationInfo, the UE shall assume that the ID of the reference signal in the activation command overrides the one configured in spatialRelationInfo.


Accordingly, for a PUSCH transmission associated with an SP-SRS resource set (for codebook-based or non-codebook-based PUSCH transmission), if the activation MAC-CE command provides new spatial relations / reference signals in SpatialRelationInfo, then that MAC-CE activation command should also provide new a new mapping between SRI and PUSCH power control parameters  corresponding to the new spatial relations. This new mapping overrides the semi-statically configured mapping between SRI and PUSCH power control parameters . 
Proposal 1: For PUSCH transmission associated with an SP-SRS resource set, the MAC-CE activation command configuring spatial relation for SP-SRS resources, also provides new a new mapping between SRI and PUSCH power control parameters  corresponding to the spatial relations / reference signals. This new mapping overrides the semi-statically configured mapping between SRI and PUSCH power control parameters .
Cross-Carrier Indication of PC Parameters
Cross-carrier beam indication was agreed in RAN1 #92-bis [2] to reduce the signaling overhead needed for (uplink) spatial relation configuration and to enrich the set of beam indications available for a serving cell using the DL or UL beams / spatial relations configured in other serving cells / uplink carriers / bandwidth parts (BWPs). Accordingly, it is necessary for NR to support cross-carrier indication for uplink PC parameters. This will reduces the signaling overhead for power control parameter configurations within a serving cell, and also provides power control support for a larger set of beam indications from other serving cells which are already enabled via cross-carrier beam indication. In addition, the UE complexity for maintaining many pathloss estimates for all serving cells will be reduced, and the set of maintained pathloss estimates will be based on DL RS resources from those serving cells that can be more accurately and/or more frequently measured by the UE. We have discussed this issue in further detail in our companion Tdoc [7].
Proposal 2: For PUSCH/PUCCH/SRS power control, NR supports cross-carrier indication of power control parameters at least including the DL pathloss reference and the open-loop PC parameters.
PC Parameter Settings when no SRI 
For the case of grant-based PUSCH without SRI field in the UL grant, the following Working Assumption was reached. 
Working Assumption (RAN1 #92 [3])
For the case of PUSCH with grant for DCI 0_0 and DCI 0_1 with no SRI field in uplink grant, at least the following is supported
· DL RS for PL estimation is given by, the RS corresponding to pusch-pathlossreference-index=0  of pusch-pathloss-Reference-rs (i.e., q_d =0), if only one DL RS for path loss is configured
· P0 and alpha are given by, the values corresponding p0alphasetindex =0 of p0-pusch-alpha-setconfig (i.e., j=2), if only one entry of p0-pusch-alpha-setconfig is configured for PUSCH transmission with grant;
· Closed loop index l=0
Note that depending on the further agreement on the MIMO session, additional mapping rules for {j, q_d, l} for the PUSCH with grant and no SRI field in uplink grant can be considered.


This WA is only useful when more than one DL RS for pathloss estimation and more than one open-loop parameters are configured, otherwise a default setting is not needed. Therefore, we propose to confirm the WA but remove the restrictions. Furthermore, the case of grant-based PUSCH without SRI field in the UL grant can happen at least in two scenarios:
1) Only one SRS resource is configured, so SRI is not needed. 
2) SRS is not configured at all. 
In these cases, the UE can still have multiple PUSCH beams, and PUSCH beam indication still makes sense, although it is not through SRS/SRI. One possible solution is for the UE to assume a spatial relation between the PUSCH transmission and the CORESET DM-RS antenna port associated with PDCCH reception of the UL grant for the PUSCH. The DM-RS antenna ports may be quasi-collocated to DL RS configured by the TCI state for antenna port quasi co-location or the SS/PBCH block the UE identified during the initial access procedure depending on the presence or absence of the TCI state in DCI. Further details of any such solution are still under discussion in the MIMO session. Therefore, we believe the note should be kept when confirming the WA.
Proposal 3: Confirm the working assumption with the following update: remove the conditions on “only one DL RS” and “only one p0-alpha”. 
 
Proposal 4: For grant-based PUSCH transmission, when no or only one SRS resource is configured, 
· UE assumes a spatial relation between the PUSCH transmission and the CORESET DM-RS antenna port associated with PDCCH reception of the UL grant for the PUSCH for determining the PUSCH beam and corresponding PUSCH PC parameters.
·  Define mapping between the set of TCI states, SS/PBCH block and set of PUSCH PC parameter indices . 
PUCCH without Explicit PUCCH Beam Indication
For PUCCH PC parameter configuration without explicit beam indication (i.e., with default/fall-back spatial relation), the following agreements were reached in the previous RAN1 meetings.
Agreement (RAN1 #92) [3]
For the case of PUCCH without PUCCH-Spatial-relation-info, at least the following is supported
· DL RS for PL estimation is given by, the RS corresponding to pucch-pathlossreference-index=0  of pucch-pathloss-Reference-rs (i.e., q_d =0), where only one DL RS for path loss is configured
· P0 is given by, the values corresponding p0setindex =0 of p0-pucch-set (i.e., q_u=0), where only one entry of p0-pucch-set is configured;
· FFS: Closed loop index l=0
Agreement (RAN1 #92-bis) [2]
For PUCCH without high layer parameter PUCCH-Spatial-relation-info, the closed loop index l should also be set to a fixed value, i.e., l=0.



The agreements above and the corresponding specification text only capture a default PC setting for the UE in the case (i) when PUCCH-SpatialRelationInfo and the corresponding PC mappings are not configured. Note that, PUCCH beam indication is via MAC-CE activation of a spatial relation from a list of spatial relation configured by PUCCH-Spatial-Relation-Info. Therefore, in the case (ii) when both PUCCH-SpatialRelationInfo is (re-)configured with more than one value (i.e., spatial relation) and the corresponding PC mappings based on p0-PUCCH-Id, pucch-PathlossReferenceRS-Id, closedLoopIndex are also (re-)configured, but MAC-CE has not yet selected/activated a spatial relation for PUCCH, a default/fall-back spatial relation and a corresponding default PC setting is needed. The details of such a default spatial relation for PUCCH is under discussion in the MIMO AI. The corresponding default PC setting can correspond to the default spatial relation selected for PUCCH.
Proposal 5: For PUCCH transmission, when PUCCH-Spatial-Relation-Info is (re-)configured with more than one value, but MAC-CE command for selection of one value from PUCCH-SpatialRelationInfo is not activated, then support a default PUCCH PC parameter set that corresponds to the default spatial relation selected for PUCCH if the corresponding PC mappings (p0-PUCCH-Id, pucch-PathlossReferenceRS-Id, closedLoopIndex) are provided, otherwise use PUCCH PC parameter set with ().
Remaining Details on Reset of Closed-Loop PC upon Beam Change
For a gNB with multiple beams pointing to significantly different spatial directions such as with multiple TRP antenna panels, a separate closed-loop power control process may be configured for UE Tx beams associated with such gNB Rx beams due to potential differences in uplink interference levels. The same closed-loop PC may be used for all gNB Rx beams of the same TRP panel. A gNB would attempt to keep the same closed-loop process for all UE Tx beams that are associated with gNB beams of similar spatial directions, but use separate closed-loop processes for those UE Tx beams that are associated with gNB Rx beams of significantly different spatial directions.  
If the configuration of a separate closed-loop PC is needed in a certain deployment but not possible due to the limited number of (i.e., 2) available closed-loops, e.g., when the UE attempts to switch from communication with a beam from one TRP panel to a beam in another TRP panel with significantly different spatial directions, but both TRP panels are associated with the same closed-loop process, the closed-loop process would need to reset accumulation. 
Proposal 6: Support reset of closed-loop accumulation for the UE when switching between beams that point to significantly different spatial directions such as with multiple TRP antenna panels, when both beams/panels correspond to the same closed-loop process.
When a new gNB Rx beam gets added to the set of active gNB beams for a UE, and that gNB Rx beam has significantly different spatial characteristic and/or quasi-co-location (QCL) assumptions with all of the existing active gNB beams for that UE, then the accumulation of only the closed-loop power control linked to the new gNB beam (and therefore all other gNB beams sharing that closed-loop) should be reset. For example, when new DL RS resource(s) for pathloss estimation are newly configured and added to the set of previously configured DL RS resource(s) for pathloss estimation for PUSCH/PUCCH/SRS, and the newly configured DL RS resource(s) for pathloss estimation has/have significantly different spatial characteristic and/or quasi-co-location (QCL) assumptions with the previously configured pathloss reference resources for that UE, then the accumulation of only the closed-loop power control which is linked to the new pathloss reference resources (and therefore all other pathloss reference resources that share the same closed-loop process) should be reset. The linkage can be defined in terms of the configured mappings between the PC parameter sets and SRI / PUCCH-Spatial-Relation-Info / SRS-resource-set-ID. 
When some of the spatial relations in the Transmission Configuration Indicator (TCI) gets updated/reconfigured, for all PUSCH/SRS/PUCCH transmissions that correspond to or associate with that TCI update/reconfiguration, if any, the accumulation status of the closed-loop power control process after the TCI update may reset or may inherit the current/last accumulation status before TCI update/reconfiguration, depending on the similarity of the spatial relations of the reference signals (RSs) before and after the TCI update. However, for any other PUSCH/SRS/PUCCH transmissions that do not correspond to or associate with that TCI update/reconfiguration, the accumulation status of the closed-loop power control process should not reset after the TCI update/reconfiguration, i.e., should carry over the current/last status of the CL-PC process before TCI update/reconfiguration.
Proposal 7: In the event of any or all of the following: (i) addition of a new gNB beam to the set of active beams for a UE, e.g., configuration of new DL RS resource(s) for pathloss estimation to the set of previously configured DL RS resource(s) for pathloss estimation for PUSCH/PUCCH/SRS; (ii) reconfiguration of the mappings between SRI/TCI/PUCCH-Spatial-Relation-Info and PC parameters; the corresponding closed-loop power control process will be impacted, i.e., reset or carry over depending upon the spatial relations before and after the beam addition (pathloss reference configuration), and/or SRI/TCI/PUCCH-Spatial-Relation-Info reconfiguration. 
Conclusion
In summary, we propose the followings for NR non-CA power control:
 Proposal 1: For PUSCH transmission associated with an SP-SRS resource set, the MAC-CE activation command configuring spatial relation for SP-SRS resources, also provides new a new mapping between SRI and PUSCH power control parameters  corresponding to the spatial relations / reference signals. This new mapping overrides the semi-statically configured mapping between SRI and PUSCH power control parameters .

Proposal 2: For PUSCH/PUCCH/SRS power control, NR supports cross-carrier indication of power control parameters at least including the DL pathloss reference and the open-loop PC parameters.
Proposal 3: Confirm the working assumption with the following update: remove the conditions on “only one DL RS” and “only one p0-alpha”.

Proposal 4: For grant-based PUSCH transmission, when no or only one SRS resource is configured, 
· UE assumes a spatial relation between the PUSCH transmission and the CORESET DM-RS antenna port associated with PDCCH reception of the UL grant for the PUSCH for determining the PUSCH beam and corresponding PUSCH PC parameters.
·  Define mapping between the set of TCI states, SS/PBCH block and set of PUSCH PC parameter indices . 

Proposal 5: For PUCCH transmission, when PUCCH-Spatial-Relation-Info is (re-)configured with more than one value, but MAC-CE command for selection of one value from PUCCH-Spatial-Relation-Info is not activated, then support a default PUCCH PC parameter set that corresponds to the default spatial relation selected for PUCCH if the corresponding PC mappings (P0PUCCHIndex-Mapping, PathlossReferenceIndex-Mapping, PUCCHClosedLoopIndex-Mapping) are provided, otherwise use PUCCH PC parameter set with ().
Proposal 7: Support reset of closed-loop accumulation for the UE when switching between beams that point to significantly different spatial directions such as with multiple TRP antenna panels, when both beams/panels correspond to the same closed-loop process.
Proposal 8: In the event of any or all of the following: (i) addition of a new gNB beam to the set of active beams for a UE, e.g., configuration of new DL RS resource(s) for pathloss estimation to the set of previously configured DL RS resource(s) for pathloss estimation for PUSCH/PUCCH/SRS; (ii) reconfiguration of the mappings between SRI/TCI/PUCCH-Spatial-Relation-Info and PC parameters; the corresponding closed-loop power control process will be impacted, i.e., reset or carry over depending upon the spatial relations before and after the beam addition, and/or pathloss reference configuration, and/or SRI/TCI/PUCCH-Spatial-Relation-Info reconfiguration. 
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