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Introduction
Power control (PC) framework for NR, particularly beam-specific PC, has been a focus topic in the past few RAN1 meetings, and several agreements have been reached, which are listed in the Appendix.
In this contribution, we provide our views on remaining aspects of beam-specific power control, in particular, configuration of open-loop PC (OL-PC), closed-loop PC (CL-PC) along with its associated transmit power control (TPC) command, and the pathloss (PL); configuration of SRS power control; and power headroom reports (PHRs) and the corresponding trigger conditions.
Open-Loop Power Control for PUSCH
In NR power control for PUSCH, it has been already agreed that open-loop power control configuration may depend on the grant type, the PUSCH beam indication, and possibly also slot-sets, SUL, and service type. One remaining question is to set a maximum on the number of possible OL-PC configurations (namely, target SINR P0 and fractional pathloss compensation factor alpha) for PUSCH to define the corresponding RRC parameters. 
For a UE that is configured to transmit PUSCH by dynamic scheduling over one serving cell, the UE may be configured with the following OL-PC configurations for the case of:
· At least 2 distinct OL-PC configurations for eMBB and URLLC services;
· At least 2 distinct OL-PC configurations for the two uplinks of a SUL configuration;
· Up to N_max distinct OL-PC configurations for different PUSCH beams (including slot-sets), where N_max corresponds to the maximum number of active beams the UE reports in a beam management procedure; 
Separate OL-PC configuration for the case of PRACH transmission needs to be supported. Furthermore, separate OL-PC configuration for the case of grant-free (or semi-persistent) transmission needs to be supported.
Based on the above items, and considering a UE with N_max up to 4 active beams, about 14+1+1=16 different OL-PC configurations may be needed.
Proposal 1: Support 16 different open-loop configurations for PUSCH power control. 

Closed-Loop Power Control for PUSCH and SRS 
Configuration and reset of the closed-loop power control for PUSCH
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 UL beams associated with such gNB beams due to potential differences in UL interference levels. The same closed-loop PC may be used for all gNB Rx beams of the same TRP panel. If the configuration of a separate closed-loop PC is not possible (because there are at most 2 CL-PC for a Rel-15 UE), then 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, the closed-loop configuration would need to reset accumulation. An example of linking OL-PC and CL-PC for a multi-service is shown in Figure 1.  
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Figure 1: The linkage of PC parameter indices
Proposal 2: Support separate closed-loop PC for case of gNB with multiple beams pointing to significantly different spatial directions such as with multiple TRP antenna panels. If such a separate closed-loop PC is unavailable, the closed-loop configuration would need to reset accumulation for the UE when switching between beams that point to significantly different spatial directions such as with multiple TRP antenna panels.
It has been agreed for PUSCH power control to support a reset of the closed-loop power control upon RRC reconfiguration of the open-loop parameters, P0 and alpha. On the other hand, the beam management Agenda Item has discussed (i) beam switching/refinement procedures that potentially introduce one or multiple new gNB beam(s) to the configuration of active gNB beams for a UE, as captured by the RRC parameter Transmission Configuration Indicator or TCI; (ii) updating the spatial parameters for UL beams and/or update the quasi-co-location (QCL) assumptions for the DL beams, which can be also considered as update or reconfiguration of TCI or other related RRC parameters. Since the power control RRC parameters for configuration of P0 and alpha are impacted by PUSCH beam indication, a reconfiguration or update of TCI or other beam-management-related RRC parameters may indirectly imply an RRC reconfiguration of P0 and alpha. This may impact reset of the closed-loop power control for PUSCH as a result of beam change or TCI reconfiguration. 
When a new gNB beam gets added to the set of active gNB beams for a UE, and that gNB 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.
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 at all, 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 or difference 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 3: 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; (ii) update or reconfiguration of TCI and/or corresponding spatial relations or QCL assumptions; the closed-loop power control process associated with that added beam and/or updated TCI will be impacted, i.e., reset or carry over depending upon the spatial relations before and after the beam addition and/or TCI update/ reconfiguration.. 
Configuration of closed-loop power control for SRS not tied with PUSCH
RAN1 has agreed to study the closed-loop configuration for SRS power control, when SRS transmission is not tied to PUSCH, in particular, whether a separate closed-loop should be configured or no closed-loop at all (i.e., open-loop only). In the following, we provide our views on this topic. Several cases can be discussed as follows.
For SRS antenna switching and/or carrier switching, there is no correspondence to PUSCH/PUCCH transmissions, then, similar to LTE, a separate independent closed-loop is configured for such SRS transmission. SRS resources may be also configured for UL beam management without any correspondence to PUSCH transmissions, i.e., they do not operate with the active gNB beam corresponding to the PUSCH transmissions. For an SRS resource set contains multiple periodic SRS resources (of the same periodicity) aimed at UL beam management, the gNB can configure an independent closed-loop power. For SRS resource sets that consists of multiple aperiodic or semi-persistent SRS resources for UL beam management, they can share the same closed-loop power control as that for a periodic SRS resource set, if both sets are associated with the same gNB beams; otherwise no closed loop power control for that SRS resource set shall be configured, i.e., rely only on open loop power control.
Proposal 4: Support closed-loop power control periodic SRS resource sets aimed at UL beam management with SRS power control not tied with PUSCH power control. For aperiodic and semi-persistent SRS resource sets aimed at UL beam management, either a closed-loop is shared with a periodic SRS resource set or no closed-loop, i.e., open-loop is configured for power control.  
Pathloss Configuration for Power Control
A UE may need to maintain the following pathloss estimates for the purpose of PUSCH/PUCCH/SRS power control in a multi-beam wireless network such as the 5G-NR power control:
a) Pathloss estimate for all or a subset of gNB beams corresponding to actually-transmitted SS blocks
b) Pathloss estimate for all or a subset of the active gNB beams for PUSCH/SRS transmission, i.e., the gNB SS block/CSI-RS beams configured for current monitoring (e.g., CSI acquisition) and potential PUSCH scheduling
c) Pathloss estimate for all or a subset of alternative/candidate gNB beams, used for example for beam switching
d) Pathloss estimate for all or a subset of gNB beams corresponding to or associated with configured SRS resources for the UL beam management procedure
e) Pathloss estimate for all or a subset of active gNB beams for PUCCH transmission, if different from PUSCH beams (e.g., for robust transmission of control information), including beams configured for the “beam failure detection” procedure
f) Pathloss estimate for all or a subset of configured gNB beams for radio link monitoring (RLM) or beam failure recovery (BFR) procedures
g) Note: The above sets of pathloss estimates are not necessarily mutually exclusive and may have non-empty overlaps. 
For NR with beam reporting and beam management procedure, the number of pathloss estimates to maintain shall not exceed the minimum of actually-transmitted SS-Blocks and an a certain fraction, multiple, or offset of/w.r.t. the number of reported beams, e.g., if UE reports up to 4 good/active beams to gNB, then the UE may maintain no more than 8 pathloss estimates for 8 beam corresponding to some of the actually-transmitted SS-Blocks, active CSI-RS beams, as well as some candidate beams. 
The gNB may categorize the above described sets for configuration of pathloss estimate based on the channel/signal for which power control is considered. For example, the gNB/UE may configure options (a), (b), and/or (c) for PUSCH power control; options (a), (b), (c), and/or (d) for SRS power control; and options (a), (b), (c), (e), and/or (f) for PUCCH power control.
Proposal 5: Support maintenance of up to a total of 8 DL-RS pathloss estimates for PUSCH/SRS/PUCCH power control. 
Configuration of SRS Power Control
Linkage and indication of SRS power control with PUSCH power control
Two alternatives have been proposed for linking SRS power control with corresponding PUSCH power control:
Alt.1: explicit configuration by RRC
   Alt.2: implicit configuration by gNB implementation
   e.g., gNB configures the same values for some parameters between PUSCH power control and SRS power control or the same association rule among P0_SRS,c, α_SRS,c, PL reference and closed-loop is applied for PUSCH and SRS power control
   In Alt.2, no RRC configuration is needed for signaling the direct linkage between PUSCH and SRS power control
–       FFS: details on the indication of the linkage via L1 signaling, e.g., using SRI in DCI, or an association rule among P0_SRS,c, α_SRS,c, PL reference and closed-loop applied for PUSCH and SRS power control

As agreed, the intention of the SRS transmission, whether SRS is intended for beam management or DL/UL CSI acquisition, is up to gNB implementation and unknown to UE. Separate configuration of the SRS power control parameters (P0_SRS,c, α_SRS,c, PL reference and closed-loop) have also been agreed. Thus, our preference, is Alt 2 – implicit configuration by gNB implementation. With Alt 2., we also don’t see the need for any linkage via L1 signaling.
Proposal 6: Alt.2: implicit configuration by gNB implementation regarding linking of SRS power control with corresponding PUSCH power control. No indication needed via L1 signaling of any linkage between SRS and PUSCH power control.
SRS PC parameters per SRS resource
During the [90b-NR-40], email discussion there was some discussion on whether SRS PC parameters can be configured for each configured SRS resource in the SRS resource set or only per SRS resource set.  SRS resource set configuration has been agreed to support for UL beam management and UL/DL CSI acquisition/update. SRS resource set configuration provides a low signaling overhead mechanism of a single message to indicate/trigger the multiple SRS resources. It has been agreed that the intention of the SRS transmission, whether SRS is intended for beam management or DL/UL CSI acquisition, is up to gNB implementation and unknown to UE, with the UE just following the configured SRS resource set configuration.
For UL beam management, all SRS resources in a SRS resource can have the same Tx power, so SRS PC parameter configuration only per SRS resource set is acceptable for UL beam management. However, a single SRS PC parameter configuration within a SRS resource set may not be appropriate for UL/DL CSI acquisition. The SRS resource configuration for beam management/association can be quite different than that for CSI acquisition – fewer SRS antenna ports (likely single antenna port), etc. where relative beam quality metric would be used as a criteria for beam selection and same Tx power for the SRS resources is acceptable.  
However, for CSI acquisition and CSI tracking/update, to match the agreed beam-specific PUSCH power control (with different open-loop/closed loop PC parameters resulting in different Tx powers for different PUSCH beams) we need beam-specific SRS power control (SRS PC tied to PUSCH PC, irrespective of whether explicitly or implicitly) resulting in beam-specific SRS PC parameters for each SRS resource corresponding to one of the different PUSCH beams indications in the PUSCH scheduling DCI. This is needed to support the dynamic adaption among the possible PUSCH beams. Thus, for CSI, with SRS PC tied to PUSCH PC, SRS transmit power would also vary for SRS resources corresponding to the different PUSCH beams. Similarly, for DL CSI acquisition for different DL beams with beam correspondence. This requires support of SRS PC parameters to be configured for each configured SRS resource in the SRS resource set to achieve the agreed low signaling overhead indication/activation/triggering of multiple SRS resources with different PC parameters corresponding to the different PUSCH beams in a single message ( e.g., A-SRS triggering in DCI). 
A question was raised in the [90b-NR-40] email discussion on how to enable the agreed low signaling overhead mechanism of a single message to indicate/activate/trigger the multiple SRS resources when the multiple SRS resources can have different Tx powers (as they are tied to PUCSCH PC with beam-specific PC) for CSI acquisition? Besides, supporting SRS PC parameters configuration per SRS resource no other alternative was suggested. A single SRS PC parameter configuration per SRS resource set cannot achieve this.
Thus, we propose to support SRS PC parameters configuration per SRS resource in the SRS resource set. RRC signalling can be defined to support option of common values for SRS PC parameters to applied for all the configured SRS resource(s) in the SRS resource set.
Proposal 7: Support SRS PC parameters configuration per SRS resource in the SRS resource set. RRC signalling supports option of common values for SRS PC parameters to applied for all the configured SRS resource(s) in the SRS resource set.
Power Headroom Report (PHR)
In RAN1#90bis, the following was agreed regarding PHR,
RAN1#90bis Agreement:
· Support Pcmax,c reporting for PHR corresponding to NR PUSCH only transmission
Above is supported at least for sub-6GHz. 
· Support one PHR format: PH and Pcmax,c
· FFS: PHR reporting restriction for short UE timeline cases (ex: reporting virtual PHR)

In NR, multi-beam and multi-panel antenna arrays are considered at the UE (and the gNB). A UE can transmit to gNB using one of the multiple antenna panels at the UE, with each antenna panel having possibly a different number of antenna elements.For a gNB beam, the UE may form a beam from the multiple possible beams from an antenna panel. 
For NR, it is beneficial to trigger a PHR upon addition of a new gNB beam to the set of existing active beams for a UE. As there is no UL transmission corresponding to the newly added beam, the UE reports a virtual PH (PHR with respect to a reference format) to provide the network with an estimate of the PH corresponding to the newly added gNB beam (assuming a reference format for UL transmission). It may be beneficial to also consider supporting aperiodic triggering of a PHR from a set of non-current transmission beams. 
Proposal 8: Support triggering a PHR upon addition of a new gNB beam to the set of existing active beams. The PHR is for an UL beam associated with the newly added gNB beam.  
Conclusion
In summary, we propose the followings for NR non-CA power control:
Proposal 1: Support 16 different open-loop configurations for PUSCH power control. 
Proposal 2: Support separate closed-loop PC for case of gNB with multiple beams pointing to significantly different spatial directions such as with multiple TRP antenna panels. If such a separate closed-loop PC is unavailable, the closed-loop configuration would need to reset accumulation for the UE when switching between beams that point to significantly different spatial directions such as with multiple TRP antenna panels.
Proposal 3: 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; (ii) update or reconfiguration of TCI and/or corresponding spatial relations or QCL assumptions; the closed-loop power control process associated with that added beam and/or updated TCI will be impacted, i.e., reset or carry over depending upon the spatial relations before and after the beam addition and/or TCI update/ reconfiguration.. 
Proposal 4: Support closed-loop power control periodic SRS resource sets aimed at UL beam management with SRS power control not tied with PUSCH power control. For aperiodic and semi-persistent SRS resource sets aimed at UL beam management, either a closed-loop is shared with a periodic SRS resource set or no closed-loop, i.e., open-loop is configured for power control.  
Proposal 5: Support maintenance of up to a total of 8 DL-RS pathloss estimates for PUSCH/SRS/PUCCH power control. 
Proposal 6: Alt.2: implicit configuration by gNB implementation regarding linking of SRS power control with corresponding PUSCH power control. No indication needed via L1 signaling of any linkage between SRS and PUSCH power control.
Proposal 7: Support SRS PC parameters configuration per SRS resource in the SRS resource set. RRC signalling supports option of common values for SRS PC parameters to applied for all the configured SRS resource(s) in the SRS resource set.
Proposal 8: Support triggering a PHR upon addition of a new gNB beam to the set of existing active beams. The PHR is for an UL beam associated with the newly added gNB beam.  
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Agreements regarding PUSCH power control
Agreements from RAN1 #88-Bis ‎ [1]:

· For beam specific power control, NR defines beam specific open & closed loop parameters. 
· FFS: details on beam common parameter(s)
· Note: Agreed on RAN1 #88 FFS details on “beam specific”, especially regarding handling layer/layer-group/panel specific/beam group specific/beam pair link specific power control

Agreements from RAN1 #89 [2]:

· Support beam specific pathloss for ULPC


Agreements from RAN1 #90 [4]:
· For open-loop power control parameters for PUSCH for a UE, 
· gNB configures one or multiple P0 values 
· e.g., for specific combination(s) of one or more beam(s), waveform (if agreed) and service type (if agreed)
· gNB can configure one or multiple alpha values
· FFS the case of closed-loop power control 
· FFS how to handle reconfiguration of open-loop power control parameters for PUSCH for a UE, e.g., reset or not reset closed-loop power control


Agreements from RAN1 NR AH#3 [5]:



· 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

· For NR-PUSCH
· Accumulative TPC command mode is supported.
· FFS: when UE has to reset fc(i)
· FFS on KPUSCH
Working Assumption:
· For NR-PUSCH
· Absolute TPC command mode is supported.
· FFS on KPUSCH

Agreements from RAN1 #90-Bis [6]:

Agreements:
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:
For closed loop power control process, f(i) in case of accumulative TPC command mode can be reset by RRC reconfiguration of P_0 and alpha

Agreements:
Confirm the following working assumption:
· For NR-PUSCH
· Absolute TPC command mode is supported.
· FFS on KPUSCH
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Agreement
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:
· Support closed power control commands by downlink DCI for PUCCH power control and by uplink grant for PUSCH power control
· FFS: SRS
· Support closed power control commands by group common DCI with TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI

Agreement
Support 2 bits TPC command for accumulative power control and absolute power control

Agreements regarding PUCCH Power Control

Agreements from RAN1 #90-Bis [6]:

Working Assumption:
· Support Pcmax,c(i), P0_PUCCH(F), PLc(k), g(i) for NR PUCCH power control in slot i for serving cell c.





· F is the index of PUCCH formats, e.g., F = 0 for PUCCH format 0, F = 1 for PUCCH format 1, F = 2 for PUCCH format 2, F = 3 for PUCCH format 3
· P0_PUCCH is a parameter composed of the sum of a parameter P0_NOMINAL_PUCCH configured by higher layers and a parameter P0_UE_PUCCH configured by higher layers.
· k is the index of RS resource(s) for pathloss measurement is RRC configured
· Multiple values of k can be configured by RRC signalling 
· FFS: Other approaches not requiring RRC configuration for the determination of k
· FFS: exact Pcmax,c(i) definition and notation for above 6 GHz
· Full path-loss compensation for NR PUCCH power control
· Note: 10*log10(M_PUCCH,c(i)) should be deleted 
· Note: P_0_PUCCH should be revised to P_0_PUCCH(b)
· Note: g(i) should be revised to g(i,l)
· Multiple P_0_PUCCH(b) can be configured by RRC signalling
· 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
· Support ΔPUCCH_TF,c(i) to reflect at least UCI payload size, UCI type (e.g., SR, HARQ, CSI), different coding gains, PUCCH format, coding schemes and different effective coding rates: 
· FFS: details on ΔPUCCH_TF,c(i)
· Whether ΔPUCCH_TF,c(i) includes MPUCCH,c(i)
· MPUCCH,c(i) is related to the PUCCH BW in slot i, FFS on the details
· FFS: whether ΔPUCCH_TF,c(i) takes into account received SNR target difference between DFT-s-OFDM and CP-OFDM or not.



Agreements regarding SRS Power Control

Agreements from RAN1 #90-Bis [6]:


Agreements:
For SRS power control
           
–       A unified power control equation is defined regardless of whether SRS is intended for DL/UL CSI acquisition or beam management as shown above.
   FFS whether or not to introduce P_SRS_OFFSET,c
   Note: the exact equation including the index of each parameter is up to the editor.
–       Whether or not SRS power control is tied with corresponding PUSCH power control is based on RRC signaling and the following is down selected.
   Alt.1: explicit configuration
   Alt.2: implicit configuration by gNB implementation
   e.g., gNB configures the same values for some parameters between PUSCH power control and SRS power control or the same association rule among P0_SRS,c, α_SRS,c, PL reference and closed-loop is applied for PUSCH and SRS power control
   In Alt.2, no RRC configuration is needed for signaling the direct linkage between PUSCH and SRS power control
–       FFS: details on the indication of the linkage via L1 signaling, e.g., using SRI in DCI, or an association rule among P0_SRS,c, α_SRS,c, PL reference and closed-loop applied for PUSCH and SRS power control
–       The following are configured by RRC
   FFS: P_SRS_OFFSET,c 
   P0_SRS,c
   α_SRS,c
   ‘k1’ which indicates DL reference RS(s) for PL estimation
   FFS if the configuration of ‘k1’ can be optional. 
   FFS: P0_SRS,c; α _SRS,c; k1; h_SRS,c, P_SRS_OFFSET,c can be configured for each configured SRS resource in the SRS resource set or only per SRS resource set (if P_SRS_OFFSET,c is supported).
   Configuration should support an option for common values for at least P0_SRS,c; k1; α _SRS,c, P_SRS_OFFSET,c to be applied for all the configured SRS resource(s) in the SRS resource set (if P_SRS_OFFSET,c is supported).
   Note: it is not precluded that the same parameters are configured for multiple SRS resource sets by gNB configuration.
–       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
–       For PL estimation, 
   Each SRS resource set is associated with X1 DL reference signal(s) for PL estimation, FFS on if X1 can be more than 1
   Maximum number of PL estimates to be maintained by UE is limited to X2, FFS on X2.
   FFS: PL estimation associated with k1 should be kept unchanged per the configured SRS resource set
–       It is assumed here that a UE expects the gNB to configure the same type of time-domain behavior (i.e., periodic, semi-persistent, or aperiodic) for all SRS resources in a SRS resource set.
   This assumption need to be revisited based on discussion in other AI.
–       Definition of M_SRS,c(j) will be discussed in Reno meeting
   For further discussion, some examples are captured here assuming that M PRBs are allocated for both 15 kHz SCS and 120 kHz SCS
   Alt.1: expressed in the number of PRBs based on 15 kHz regardless of number of PRBs allocated for SRS transmission
–       For 15 kHz SCS, Msrs,c(j) = M  and for 120 kHz SCS, Msrs,c(j) = 8M 
   Alt.2: expressed in terms of the number of PRBs allocated for SCS transmission
–       For 15 kHz SCS, Msrs,c(j) = M  and for 120 kHz SCS, Msrs,c(j) = M 
   Alt.3: expressed in the number of PRBs based on 15 kHz SCS for sub-6GHz and based on 60 kHz SCS for above 6 GHz
–       For 15 kHz SCS, Msrs,c(j) = M  and for 120 kHz SCS, Msrs,c(j) = 2M 



Agreements regarding Pcmax and PHR

Agreements from RAN1 #88-Bis [1]:

· gNB is aware of the power headroom differences for different waveforms, if the UE can be configured for both waveforms.
· FFS: offset configured/specified, reported, 
· FFS on the details of power control parameters for example, P_c, Max or other open/closed loop parameter
Agreements from RAN1 NR AH#2 [3]:

· UE’s power headroom report is based on the corresponding PUSCH transmission(s)
· FFS details


Agreements from RAN1 #90 [4]:

· It is up to RAN4 to discuss how to support any power back-off needed for CP-OFDM transmission compared with DFT-S-OFDM transmission
· E.g., specification of fixed power back-off, specification of power back-off as MPR

Agreements from RAN1 #90-Bis [6]:

Agreements:
· Support PH calculation for PUSCH transmission
· Calculation for current transmission 
· FFS: Calculation for non-current transmission


Agreement:
· Support Pcmax,c reporting for PHR corresponding to NR PUSCH only transmission
Above is supported at least for sub-6GHz. 

Agreement:
· Support one PHR format: PH and Pcmax,c
· FFS: PHR reporting restriction for short UE timeline cases (ex: reporting virtual PHR)
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