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1. Introduction
In RAN1 NR #90b meeting, the following agreements on UL Power Control have been achieved. [1]
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:
· Support PH calculation for PUSCH transmission
· Calculation for current transmission 
· FFS: Calculation for non-current transmission


Agreements:
Confirm the following working assumption:
· For NR-PUSCH
· Absolute TPC command mode is supported.
· FFS on KPUSCH
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 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)
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
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.

In the email discussion, the following agreements on SRS power control have been achieved.
For SRS power control
           [image: cid:WSBAF4Z2BE71@namo.co.kr]
–       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
ú   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
ú   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
ú   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).
ú   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).
ú   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
ú   h_SRS,c(i) = fc(i,l) where l = 1, 2
ú   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
ú   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 can 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
ú   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 
ú   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 
ú   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 

In this contribution we provide some discussions on remaining details for UL power control framework for PUSCH, PUCCH and SRS for beam management.
2. Remaining Issues on Power Control for PUSCH/SRS
For Msrs,c(j) and Mpusch,c(j)  there can be following three alternatives:
· 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

In Alt1 and Alt3, the transmission bandwidth should be defined based on a reference numerology, and for Alt2, the transmission bandwidth is defined based on current numerology. Then in Alt2, to reflect different subcarrier spacing in different BWP, different P0 may be defined and the range of P0 should take all possible subcarrier spacing into account, which can increase the signaling overhead. Hence to simplify the signaling, to define the transmission bandwidth expressed as number of RBs in a reference numerology should be better. In Alt3, there can be two reference numerologies, one for below 6GHz and the other for above 6GHz. The additional reference numerology seems to be unnecessary and it may be not good regarding some forward compatibility, e.g. whether an additional reference numerology should be defined for some new band. Therefore in general, regarding some forward compatibility and control signaling simplification, Alt1 should be supported.
Proposal 1: Regarding some forward compatibility and control signaling simplification, Alt1 (bandwidth is expressed by number of RBs based on 15kHz) should be supported.
When searching for a good gNB-UE beam pair by beam sweeping, the UE should use the same Tx power for each time instance or repetition of SRS. One possible way is to use the maximum transmit power. However this would increase the inter-cell interference and it would be challenging to multiplex multiple UEs in one SRS since some far UEs may not be received due to interference from near UEs. Therefore the power control for SRS should be necessary and it should be common for each repetitions. Then how to estimate the pathloss when determining the Tx power can be one issue. There can be the following options for pathloss estimation:
· Option 1: pathloss is calculated based on a particular SS-block or CSI-RS
· Option 2: pathloss is calculated based on averaging of a sub-set of beams from SS-block or CSI-RS
[bookmark: _GoBack]Both options can help the UE to calculate a common Tx power for SRS. For option 1, the gNB should identify one SS-block or CSI-RS for the UE to measure the pathloss. For option 2, the gNB can divided the beams into multiple sub-sets and configure the sub-set index. To reduce the control signalling overhead, one possible way is to use the cell level RSRP then the gNB does not need to use additional signalling for the UE to identify the DL RS for measurement. There can be another type of SRS which is used for link adaptation. Then different SRS resource can belong to different SRS resource sets. So the power control of SRS should be SRS resource set specific. 
Proposal 2: For SRS, the power control parameters P0_SRS,c; α _SRS,c; k1; h_SRS,c, P_SRS_OFFSET,c should be configured per SRS resource set.
Proposal 3: For SRS, it should be supported that k1 is optional and when k1 is not indicated the cell-level RSRP should be used for pathloss estimation.

3. Remaining Issues for PUCCH
In the RAN1#90b meeting, the following issues have been left for further investigation on the details:
· 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.

The discussion in this section focuses on whether MPUCCH,c(i) should be incorporated into ΔPUCCH_TF,c(i) and the specific definition of ΔPUCCH_TF,c(i). Transmission power of PUCCH should be adjusted depending on the PUCCH payload size, bandwidth, transmission duration, code rate, etc. Increase in the payload size will need increase in the transmission power accordingly in order to maintain the required energy per UCI bit. On the other hand, increase in the PUCCH bandwidth alone does not require increase in the transmission power if payload size stays the same. As another case, decrease in the transmission duration necessitates increase in per-symbol transmission power in order to maintain the same total transmission power unless payload size decreases accordingly. Increase in the code rate results in an increase in the required SNR and accordingly an increase in the transmission power. 
All these aspects are intertwined, however, can be addressed by the two parameters, MPUCCH,c(i) and ΔPUCCH_TF,c(i). A PUCCH power control equation is captured from the Chairman’s note for the RAN1#90b meeting. 




In order to address the technical aspects discussed above, we propose as follows regarding MPUCCH,c(i) and ΔPUCCH_TF,c(i).
Proposal 4: MPUCCH,c(i) is kept separately from ΔPUCCH_TF,c(i) in the equation for PUCCH power control to adjust the transmit power in accordance to PUCCH bandwidth.

Proposal 5: ΔPUCCH_TF,c(i) is defined as , taking the definition in LTE PUCCH power control as baseline.
MPUCCH,c(i) reflects the required increase in the transmission power due to an increase in the scheduled PUCCH bandwidth, which in most cases is caused by an increase in payload size. If the payload size is not large enough compared to the scheduled PUCCH bandwidth, ΔPUCCH_TF,c(i) can reflect the situation because the code rate of the corresponding PUCCH transmission will decrease then and this results in a decrease in ΔPUCCH_TF,c(i) which in turn offsets the effect of the increased PUCCH bandwidth. A decrease in the PUCCH duration can be addressed by ΔPUCCH_TF,c(i). If the duration decreases for the same payload size, the code rate of the corresponding PUCCH transmission will increase and this results in an increase in ΔPUCCH_TF,c(i) and accordingly in the transmission power. Overall, regarding the MPUCCH,c(i) and ΔPUCCH_TF,c(i), the power control for LTE PUCCH can be exploited for NR PUCCH as well.
4. Conclusions
In this contribution we have provided our views on uplink power control for NR. From the discussion, we have achieved the following proposals.
Proposal 1: Regarding some forward compatibility and control signaling simplification, Alt1 (bandwidth is expressed by number of RBs based on 15kHz) should be supported.
Proposal 2: For SRS, the power control parameters P0_SRS,c; α _SRS,c; k1; h_SRS,c, P_SRS_OFFSET,c should be configured per SRS resource set.
Proposal 3: For SRS, it should be supported that k1 is optional and when k1 is not indicated the cell-level RSRP should be used for pathloss estimation.
Proposal 4: MPUCCH,c(i) is kept separately from ΔPUCCH_TF,c(i) in the equation for PUCCH power control to adjust the transmit power in accordance to PUCCH bandwidth.

Proposal 5: ΔPUCCH_TF,c(i) is defined as , taking the definition in LTE PUCCH power control as baseline.
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