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Introduction
In RAN1 90bis [1], the following has been agreed for UL power control 

Agreements: 
For closed loop power control process, f(i) in case of accumulative TPC command mode can be reset by RRC reconfiguration of P0 and alpha

Agreements: 
         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 

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
· [bookmark: _Hlk498633041]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.

Later the following agreements on SRS power control are reached through Email discussion [2]
Agreements:
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
· 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 

In this contribution, some remaining issues on NR power control are discussed. 
[bookmark: _Ref473802466][bookmark: _Ref462669569]PUSCH
It has been agreed that f(i) in case of accumulative TPC command mode can be reset by RRC reconfiguration of Po and but the handling of the TPC command f(i) and g(i) in case of beam switching with the same open-loop parameters has not been fully defined. In general, accumulative TPC commands should be carried over to avoid a cold start of power control loop. When Po and are changed, the TPC commands are deemed irrelevant and should be reset.

[bookmark: _Hlk503482237]Proposal 1: In case of accumulated TPC command mode, the accumulated TPC state f(i) and g(i) are reset to 0 when Po or  are reconfigured by higher layer.

Assuming the source and destination beams have similar interference environment and hence the same P0 and , the received signal power should be the same for the same grant. Let PLS,L3 and PLS,L1 be, respectively, the L3 and L1 path loss of the source beam, the received signal power using the source beam is


where C is factor determined by the grant and is common to source and destination beams. Likewise, if f(i) is carried over, the received signal power using the destination beam is



The received power difference is therefore 

 

From the above, we have the following observation.

Observation 1: In case of beam switching with the same Po and , carrying the accumulative TPC command, f(i), leads to increased receive signal power if the destination beam has smaller path loss.
 
The additional power transmitted using the destination beam increases as the path loss difference of the destination and source increases. Assuming L3 and L1 path loss are the same for both of the beams and the path loss difference is 10 dB and =0.7, then 3 dB extra power is transmitted by directly carrying over f(i)/g(i).  To save UE transmit power, corrections on f(i)/g(i) should be allowed. Hence we have the following proposal

[bookmark: _Hlk503545329]Proposal 2: In case of beam switching indicated by the corresponding change of reference signal resource in power control and the source and destination beams have the same Po and , the accumulative TPC of the destination beam is given by  fd(i-1)= fs(i-1)+for PUSCHand gd(i-1)= gs(i-1) + for PUCCH where 



 In NR, both CP-OFDM and DFT-S-OFDM waveforms are supported for PUSCH transmission. For 16QAM, the SNR operation point difference between two waveforms could be 1dB to 2dB. For 64QAM, the difference could be even larger. To allow fast power control convergence at the time of waveform switching, the difference of required SNR of the two waveforms should be included in . This can be done by introducing a new parameter in as below


where g is a newly introduced parameter depends on BPRE and equals 1 for DFT-S-OFDM waveform for all MCS. 

[bookmark: _Hlk503482285]Proposal 3: For power control for PUSCH,  is defined by taking into account of the received SNR difference between DFT-s-OFDM and CP-OFDM.

PUCCH
For power control for PUCCH, the term PUCCH_TF is used to reflect at least UCI payload size, UCI type (e.g., SR, HARQ, CSI), different coding gains, coding schemes and different effective coding rates. For the effective coding rate of HARQ-ACK  report, the bits that corresponding to PDSCHs that are not transmitted are known by the Network and should not be counted in the coding rate. For the definition of PUCCH_TF, the number of  HARQ bits  should only consider received PDSCH. 
Proposal 4: For the definition of PUCCH,TF and at least for PUCCH formats 2, 3 and 4,  the number of HARQ-ACK bits is defined as in LTE for PUCCH format 3 with the following modifications for cells configured with CBG
· For each received CBG, one bit is counted.
· 

Additionally for dynamic HARQ codebook,  NTB HARQ-ACK bits are counted for each detected missing PDSCH, where is the maximal number of CBGs per transport block configured by higher layer for the cell, NTB=2  if  the  number of transport blocks per DCI configured by high layer is 2 and otherwise NTB=1.

[bookmark: _Ref463027406][bookmark: _Ref465963195][bookmark: _Ref466040522][bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
The following observations and proposals have been made for uplink power control: 
Observation 1: In case of beam switching with the same Po and , carrying the accumulative TPC command, f(i), leads to increased receive signal power if the destination beam has smaller path loss.

Proposal 1: In case of accumulated TPC command mode, the accumulated TPC state f(i) and g(i) are reset to 0 when Po or  are reconfigured by higher layer.

Proposal 2: In case of beam switching indicated by the corresponding change of reference signal resource in power control and the source and destination beams have the same Po and , the accumulative TPC of the destination beam is given by  fd(i-1)= fs(i-1)+for PUSCHand gd(i-1)= gs(i-1) + for PUCCH where 


Proposal 3: For power control for PUSCH, is defined by taking into account of the received SNR difference between DFT-s-OFDM and CP-OFDM.
Proposal 4: For the definition of PUCCH,TF and at least for PUCCH formats 2, 3 and 4,  the number of HARQ-ACK bits is defined as in LTE for PUCCH format 3 with the following modifications for cells configured with CBG bundling
· For each received CBG, one bit is counted.
· 

Additionally for dynamic HARQ codebook,  NTB bits are counted for each detected missing PDSCH, where is the maximal number of CBGs per transport block configured by higher layer, NTB=2  if  the  number of transport blocks per DCI configured by high layer is 2 and otherwise NTB=1.
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Annex Proposed Text Change
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If a UE transmits a PUSCH on carrier  of serving cell  using parameter set configuration with index  and PUSCH power control adjustment state with index , the UE shall determine the PUSCH transmission power  in PUSCH transmission period  as

 [dBm]
where,




-	is the configured UE transmit power defined in [8, TS 38.101] for carrier  of serving cell  in PUSCH transmission period .




-	 is a parameter composed of the sum of a component  and a component  where . 







-	For a PUSCH (re)transmission corresponding to a random access response grant, , , and  , where the parameter preambleInitialReceivedTargetPower [11, TS 38.321] (for ) and Delta-preamble-msg3 (for ) are provided by higher layers for carrier  of serving cell . 





-	For a PUSCH (re)transmission corresponding to a grant-free configuration or semi-persistent grant, ,  is provided by higher layer parameter p0-nominal-pusch-withoutgrant, and  is provided by higher layer parameter p0-ue-pusch for carrier  of serving cell .









-	For, a  value, applicable for all , is provided by higher layer parameter p0-nominal-pusch-withgrant for each carrier  of serving cell  and a set of  values are provided by a set of higher layer parameters p0-pusch-alpha-set and a respective index by higher layer parameter p0alphasetindex for carrier  of serving cell  where the size of the set is  and is indicated by higher layer parameter num-p0-alpha-sets. 





-	is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks for PUSCH transmission period  on carrier  of serving cell  and  is defined in [4, TS 38.211]. 









-	For , . For ,  is provided by higher layer parameter alpha . For , a set of  values are provided by a set of higher layer parameters p0-pusch-alpha-set and a respective index by higher layer parameter p0alphasetindex for carrier  of serving cell  where the size of the set is  and is indicated by higher layer parameter num-p0-alpha-sets. 




-	is a downlink path-loss estimate in dB calculated by the UE using reference signal (RS) resource  for carrier  of serving cell , where the UE is configured with a number of RS resources by higher layer parameter num-pusch-pathlossReference-rs and a respective set of RS configurations for the number of RS resources is provided by higher layer parameter pusch-pathloss-Reference-rs that includes one or both of a set of SS/PBCH block indexes provided by higher layer parameter pusch-pathlossReference-SSB and a set of CSI-RS configuration indexes provided by higher layer parameter pusch-pathlossReference-CSIRS. The UE identifies a RS resource in the set of RS resources to correspond to a SS/PBCH block or to a CSI-RS configuration as provided by higher layer parameter pusch-pathlossreference-index. 
If the UE is configured by higher layer parameter SRS-SpatialRelationInfo a mapping between a set of SRS resources and a set of RS resources for obtaining a downlink path-loss estimate, the UE uses the RS resources indicated by a value of a SRI field in DCI format 0_0 or DCI format 0_1 that schedules the PUSCH transmission [5, TS 38.212] to obtain the downlink path-loss estimate. 

= referenceSignalPower – higher layer filtered RSRP, where referenceSignalPower is provided by higher layers and RSRP is defined in [7, TS 38.215] for the reference serving cell and the higher layer filter configuration is defined in [12, TS 38.331] for the reference serving cell. 


For , referenceSignalPower is configured by higher layer parameter SS-PBCHBlockPower. For , referenceSignalPower is configured by either higher layer parameter SS-PBCHBlockPower or, when periodic CSI-RS transmission is configured, by higher layer parameter Pc-SS providing an offset of the CSI-RS transmission power relative to the SS/PBCH block transmission power [6, TS 38.214].













-	for  and  for  where  is provided by higher layer parameter deltaMCS-Enabled provided for each carrier  and serving cell . If the PUSCH transmission is over more than one layers [6, TS 38.214], . If transform precoding is applied =1; otherwise  is a function of BPRE. and , for each carrier  and each serving cell , are computed as below. 


-	 for PUSCH with UL-SCH data and for CSI transmission in a PUSCH without UL-SCH data, where












-	 is the number of code blocks,  is the size for code block ,  is the number of CSI part 1 bits including CRC bits, and  is the number of resource elements determined as  excluding REs used for DM-RS transmission, where  is a number of symbols for PUSCH transmission period  on carrier  of serving cell  and ,  are defined in [5, TS 38.212]. 


-	 when the PUSCH includes UL-SCH data and , as described in Subclause 9.3, when the PUSCH includes CSI and does not include UL-SCH data.



-	For the PUSCH power control adjustment state for carrier  of serving cell  in PUSCH transmission period 




-	is a correction value, also referred to as a TPC command, and is included in a PDCCH with DCI format 0_0 or DCI format 0_1 that schedules the PUSCH transmission period  on carrier  of serving cell  or jointly coded with other TPC commands in a PDCCH with DCI format 2_2 having CRC parity bits scrambled by TPC-PUSCH-RNTI that is last received by the UE prior to the PUSCH transmission;




[bookmark: _Hlk503542189]-	 is the PUSCH power control adjustment state for carrier  of serving cell  and PUSCH transmission period  if accumulation is enabled based on the parameter Accumulation-enabled provided by higher layers, where


-	 if the UE is configured with higher layer parameter num-pusch-pcadjustment-states; otherwise, . 

-	For a PUSCH (re)transmission corresponding to a grant-free configuration or semi-persistent grant, the value of  is provided to the UE by higher layer parameter PUSCH-closed-loop-index;



-	dB if the UE does not detect a TPC command for carrier  of serving cell .

-	If the PUSCH transmission is in response to a PDCCH decoding with DCI format 0_0 or DCI format 0_1, or 2_2 having CRC parity bits scrambled by TPC-PUSCH-RNTI, the respective  accumulated values are given in Table 7.1.1-1.

-	 is the first value after reset of accumulation.





-	If the UE has reached  for carrier  of serving cell , positive TPC commands for carrier  of serving cell  shall not be accumulated.




-	If UE has reached minimum power for carrier  of serving cell , negative TPC commands for carrier  of serving cell  shall not be accumulated.


-	A UE can should reset accumulation for carrier  of serving cell 

-	When  value is changed by higher layers;

-	When  value is changed by higher layers;
· 


When the pusch-pathlossreference-index is changed by higher layers without change of  and for transmission period i, , where , qd and qs are the pathloss reference signals after and before change, respectively, and PL1 is the pathloss based on most recent RSRP measurement of the associated reference signal. 




-	is the PUSCH power control adjustment state for carrier  of serving cell  and PUSCH transmission period  if accumulation is not enabled based on the parameter Accumulation-enabled provided by higher layers, where

-	If the PUSCH transmission is in response to a PDCCH decoding with DCI format 0_0 or DCI format 0_1, or 2_2 having CRC parity bits scrambled by TPC-PUSCH-RNTI, the respective  absolute values are given in Table 7.1.1-1. 



-	for a PUSCH transmission period where the UE does not detect a DCI format 0_0 or DCI format 0_1, or 2_2 having CRC parity bits scrambled by TPC-PUSCH-RNTI for carrier  of serving cell .

-	For both types of  (accumulation or current absolute) the first value is set as follows: 




-	If  value is changed by higher layers and serving cell  is the primary cell or, if  value is received by higher layers and serving cell  is a secondary cell

-	


-	Else, if the UE receives the random access response message for carrier  of serving cell 

-	, where



-	 is the TPC command indicated in the random access response corresponding to the random access preamble transmitted for carrier  in the serving cell , and 










-	 and  is provided by higher layers and corresponds to the total power ramp-up requested by higher layers from the first to the last random access preamble for carrier  in the serving cell ,  is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks for the first PUSCH transmission in carrier  of serving cell , and  is the power adjustment of first PUSCH transmission in carrier  of serving cell . 

Table 7.1.1-1: Mapping of TPC Command Field in DCI format 0_0, DCI format 0_1, or DCI format 2_2, or DCI format 2_3 having CRC parity bits scrambled by TPC-PUSCH-RNTI or TPC-SRS-RNTI, to absolute and accumulated  values
	TPC Command Field 
	
Accumulated  [dB]
	
Absolute  [dB] 

	0
	-1
	-4

	1
	0
	-1

	2
	1
	1

	3
	3
	4
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Introduction


 


In RAN1 90


bis


 


[1]


, 


the following has been agreed for UL power control


 


 


 


Agreements: 


 


For closed loop power control process, f(i) in case of accumulative TPC command mode can be 


re


set by RRC 


reconfiguration of P


0 and alpha


 


 


Agreements: 


 


         


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 


 


–


 


Candida


te 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) 


 


–


 


Wor


king 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. 


 


•


 


Capturi


ng the agreement in the NR specification is up to the editor 


 


 


Working Assumption


:
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