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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; as well as reset procedures for closed-loop PC for PUSCH/PUCCH due to open-loop reconfiguration or beam switching. 
Remaining Details on PC Parameter Configuration
PUSCH Msg3 and PUSCH/PUCCH before Dedicated PC Configuration
The most recent CR to TS 38.213 [1] changed the definition of PUSCH open-loop PC (OL-PC) index  from “a PUSCH (re)transmission corresponding to a random access response grant” (i.e., Msg3) to “If a UE is not provided with higher layer parameter p0-pusch-alpha-setconfig”. This extension beyond Msg3 transmission is useful to specify the OL-PC behaviour even before dedicated PC configuration is received at the UE. However, it misses aspect for PUSCH Msg3 transmission in the RRC_CONNECTED state (e.g., contention-based RACH when not uplink synchronized and have UL data or control to send or RACH used for SR transmission), when the UE is expected to follow the Msg3 power setting (such as preamble-received-target-power plus any power ramping), but is already configured with dedicated PC parameter configuration (such as p0-pusch-alpha-setconfig).
Proposal 1: Definition of PUSCH OL-PC parameter  should also include Msg3 transmission in the RRC_CONNECTED state (e.g., contention-based RACH when not uplink synchronized and have UL data or control to send or RACH used for SR transmission).   
· 

If a UE is not provided with higher layer parameter p0-pusch-alpha-setconfig, or for a PUSCH (re)transmission corresponding to a random access response grant , , …..

For PUSCH Msg3 transmission in the case of initial access, the DL RS for pathloss (PL) estimation was agreed in the last RAN1 meeting to be the SSB identified during the initial access procedure. 
Agreement: (RAN1 #92) [2]
At least for the case of initial access
· UE will use the SSB identified during the initial access as the DL RS/SSB for pathloss estimation for PUSCH(including MSG3) before DL RS(s) is explicitly configured for pathloss measurement.
· UE will use the SSB identified during the initial access as the DL RS/SSB for pathloss estimation for PUCCH before DL RS(s) is explicitly configured for pathloss measurement.

Regardless PUSCH Msg3 is transmitted for initial access or other purposes (such as radio link re-establishment after RLF, beam failure recovery, handover, UL synchronization, SR transmission), the DL RS for pathloss (PL) estimation should always follow the SS/PBCH block or if configured, (the first) CSI-RS resource associated with the PRACH preamble transmission during the current random access procedure. Note the SSB identified during the current RACH procedure can be different from the SSB identified by the UE during the initial access procedure.  
Proposal 2: 
· For PUSCH Msg3, the DL RS for pathloss estimation shall be the SS/PBCH block or if configured, (the first) CSI-RS resource (associated with the PRACH) identified by the UE during the current random access procedure, i.e., the SSB associated with the Msg1 PRACH preamble transmission. 

Configuration and indication of closed-loop power control (CL-PC) for PUSCH Msg3, has a different situation before and after RRC connection setup. 
1. If Msg3 is transmitted as part of the initial access procedure (prior to RRC_CONNECTED state), the UE behaviour is already specified in TS 38.213, since two closed-loop processes are not configured to the UE, so the CL-PC index is fixed to . 
2. However, when PUSCH Msg3 is transmitted and the UE is in RRC_CONNECTED state, the UE might be already configured with 2 closed-loop processes for PUSCH. In this case, the following options can be considered for closed-loop for PUSCH Msg3:
a) Fixed in the specification, e.g., to , 
b) RRC configured with a separate RRC parameter (e.g., Msg3-closed-loop-index) 
c) Implicitly determined by the UE based on the already-available linkage between SRI and , e.g., using the closed-loop index  corresponding to the smallest SRI for which the SS/PBCH block used in the RACH procedure is a DL RS resource configured to the UE for PL estimation. In the absence of SRI, the UE uses. 
To simplify the specification, option (a) can be adopted. 
As in LTE, the UE should reset the PUSCH/PUCCH closed-loop accumulation upon receiving RAR. According to the discussion above, if the UE is configured with more than one closed-loop process for PUSCH/PUCCH, then only  shall be reset. 

Observation 1: For PUSCH Msg3, prior to RRC_CONNECTED state, the CL-PC index is , as already specified in TS 38.213. 

Proposal 3: 
· For PUSCH Msg3 and UE in RRC_CONNECTED state, if the UE is configured with more than one closed-loop process for PUSCH, the CL-PC index shall be fixed to .   
· When more than one closed-loop process is configured for PUSCH/PUCCH, CL-PC index  shall be reset upon receiving RAR.


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 agreement was reached in the previous RAN1 meeting.
Agreement (RAN1 #92) [2]
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




Regarding the FFS closed-loop index,  we believe the same setting of  as in the case of grant-based PUSCH without SRI can be reused here for PUCCH as well. Therefore, the FFS should be confirmed. 
Proposal 4: For PUCCH transmissions without explicit beam indication (i.e., without PUCCH-Spatial-relation-info or PUCCHClosedLoopIndex-Mapping ), the CL-PC index shall be fixed to .   
Second, the agreement above and the corresponding specification text only capture a default PC setting for the UE in the cases (i) when PUCCH-Spatial-Relation-Info is not configured or (ii) when PUCCH-Spatial-Relation-Info is configured but the corresponding PC mappings based on PUCCH-Spatial-Relation-Info values 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 (iii) when both PUCCH-Spatial-Relation-Info is (re-)configured with more than one value (i.e., spatial relation) and the corresponding PC mappings based on P0PUCCHIndex-Mapping, PathlossReferenceIndex-Mapping, PUCCHClosedLoopIndex-Mapping 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 [4, Section 2.3.1]. 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-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 ().
Remaining Details on Reset of Closed-Loop PC
Reset upon Open-Loop Reconfiguration
For the reset of PUSCH/PUCCH closed-loop accumulation based on reconfiguration of open-loop parameters (such as P0 and alpha), in the case that more than one CL-PC process is configured to the UE, it is necessary to specify which CL-PC process is impacted by this CL-PC reset operation. Currently, this issue is addressed in the specification only for the case when mappings between the PC parameter sets and the SRI (for grant-based PUSCH) or PUCCH-Spatial-Relation-Info (for PUCCH) are configured. Such a clarification is necessary for other cases as well, which should be done according to the existing agreements for closed-loop configuration. 
Proposal 6: In the case that more than one closed-loop process is configured for PUSCH/PUCCH, if the closed-loop process is reset upon reconfiguration of open-loop parameters, specify which CL-PC process to reset as follows: 
· For PUSCH, if, then  as indicated by higher layer parameter PUSCH-closed-loop-index shall be reset.
· For PUSCH, if, AND if the PUSCH transmission is scheduled by a DCI format 0_0 or by a DCI format 0_1 that does not include a SRI field, or if a higher layer parameter SRI-PUSCHClosedLoopIndex-Mapping is not provided to the UE, then  shall be reset.
· For PUCCH, if the UE is not provided with higher layer parameter PUCCHClosedLoopIndex-Mapping, then  shall be reset (in line with Proposal 4 above).

Reset 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 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.
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.
Ref. [7] has mentioned beam failure recovery as an example use-case for necessity of such a beam-based reset for closed-loop accumulation. However, the beam failure recovery procedure includes a random access procedure, which involves receiving RAR at the UE, that automatically resets the closed-loop accumulation per existing reset conditions. 
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 (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: Definition of PUSCH OL-PC parameter  should also include Msg3 transmission in the RRC_CONNECTED state (e.g., for contention-based RACH when not uplink synchronized and have UL data or control to send or RACH used for SR transmission).   
· 

If a UE is not provided with higher layer parameter p0-pusch-alpha-setconfig, or for a PUSCH (re)transmission corresponding to a random access response grant , , …..
Proposal 2: 
· For PUSCH Msg3, the DL RS for pathloss estimation shall be the SS/PBCH block or if configured, (the first) CSI-RS resource (associated with the PRACH) identified by the UE during the current random access procedure, i.e., the SSB associated with the Msg1 PRACH preamble transmission. 
Proposal 3: 
· For PUSCH Msg3 and UE in RRC_CONNECTED state, if the UE is configured with more than one closed-loop process for PUSCH, the CL-PC index shall be fixed to  .   
· When more than one closed-loop process is configured for PUSCH/PUCCH, CL-PC index  shall be reset upon receiving RAR.
Proposal 4: For PUCCH transmissions without explicit beam indication (i.e., without PUCCH-Spatial-relation-info or PUCCHClosedLoopIndex-Mapping), the CL-PC index shall be fixed to .   
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 6: In the case that more than one closed-loop process is configured for PUSCH/PUCCH, if the closed-loop process is reset upon reconfiguration of open-loop parameters, specify which CL-PC process to reset as follows: 
· For PUSCH, if, then  as indicated by higher layer parameter PUSCH-closed-loop-index shall be reset.
· For PUSCH, if, AND if the PUSCH transmission is scheduled by a DCI format 0_0 or by a DCI format 0_1 that does not include a SRI field, or if a higher layer parameter SRI-PUSCHClosedLoopIndex-Mapping is not provided to the UE, then  shall be reset.
· For PUCCH, if the UE is not provided with higher layer parameter PUCCHClosedLoopIndex-Mapping, then  shall be reset (in line with Proposal 4 above).
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. 
References
[1] TS 38.213, “NR, Physical layer procedures for control”, Rel. 15, v15.1.0, March 2018.
[2] “RAN1 Chairman’s Notes”, RAN1 #92, Athens, Greece, February 2018.
[3] “RAN1 Chairman’s Notes”, RAN1 AH-1706, Qingdao, China, June 2017.
[4] “RAN1 Chairman’s Notes”, RAN1 #90, Prague, Czech, August 2017.
[5] “RAN1 Chairman’s Notes”, RAN1 AH-1801, Vancouver, Canada, January 2018.
[6] R1-1803346, “Feature lead summary 2 on beam measurement and reporting”, Ericsson, February 2018.
[7] R1-1802808, “Further clarification for the uplink power control”, Nokia, February 2018. 





oleObject2.bin

oleObject3.bin

oleObject4.bin

image1.wmf
0

=

j


oleObject1.bin

image2.wmf
0

)

0

(

,

O_UE_PUSCH

=

f,c

P


