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Introduction
In RAN#79 meeting, the updated NR specifications after RAN1#92 meeting were endorsed. It has been agreed that RAN1 shall continue to focus on stabilizing the current Rel-15 NR specifications in RAN1#92bis and RAN1#93 meetings. There are some other remaining details on NR power control which need to be refined or updated in the specification. Based on the submitted contributions ([2]-[25]) in RAN1 #92b for the agenda item about non CA aspects, at least the following issues are identified and summarized in the following sections. 
Remaining issues on UL power control in non-CA aspects
1.1 PUSCH and PRACH
Background
The UL power control framework on PUSCH configuration of {j, q_d, l} to the UE for cases with SRI has been agreed for grant based transmission. It is still unclear on how to configure power control parameters {j, q_d, l} to the UE for special cases without SRI in FR2, though we have the following working assumption in RAN1#92.
	Working Assumption
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.


Cases to be addressed include: 
· grant based PUSCH without SRI
· PRACH and MSG3 in RRC-CONNECTED
1.1.1 Grant-based PUSCH without SRI 
Grant-based PUSCH without SRI has been specified for indicating UL power control parameters {j,k,l} in FR1 as above working assumption, but it is still not clear in FR2, which has been raised by vivo, CATT, Intel, Nokia, OPPO, Ericsson
According to our best knowledge, we have the following alternatives in FR2:
Alt1: {j, q_d, l} is derived in one unified approach
Alt1-1: 
· For the case of PUSCH scheduled by DCI 0_1 with no SRI field in uplink grant, the power control parameters should be indicated by SRI=0; 
· For the case of PUSCH with grant for DCI 0_0 where the spatial relation for PUSCH is given by PUCCH, the power control parameter index j, k and l can be indicated by PUCCH beam indication PUCCH-spatialRelationInfo.
Alt1-2: For the case where the spatial relation for PUSCH is given by the MAC-CE activated spatial relation for fixed reference PUCCH resource, i.e., PUSCH is to reuse the spatial relation of PUCCH.
· Reuse the PC parameter mapping approach specified for PUCCH by replacing SRI with pucch-SpatialRelationInfoId and associated PC parameters of the PUCCH resource that is tied to PUSCH.
Alt1-3: Confirm the working assumption on power control parameters without SRI field in uplink grant without the note and maintain current description in 38.213.

Alt2: {j, q_d, l} is derived independently
For j:
Alt2-1a: fixed j,  e.g., j=2
Alt2-1b: If DL RS QCLed to PUSCH is mapped on SRI table, UE selects open loop power control parameter set from corresponding elements in SRI table. 
Alt2-1c: j is determined by the type service, such as grant base, SPS, or RACH Msg3, transmitted on PUSCH at a given slot.
For q_d:
Alt2-2a: UE should use the beam management RS of the associated DL beam, where UE decodes the UL grant for the scheduled PUSCH transmission, as the reference signal for the pathloss estimation.
Alt2-2b: pathloss reference q_d is to reuse RS for PL estimation of latest PUCCH
Alt2-2c: 
For DCI0-0 without SRI, to use recent UL beam, e.g., beam delivered msg 3 or PUCCH, when PUSCH is granted with DCI format 0_0, UE would measure pathloss based on DL RS which is QCLed with that UL beam
For DCI0-1 without SRI, if UL beam indication via TCI is supported, DL RS for pathloss measurement would also be indicated by TCI as a DL RS QCLed to UL beam.
For l:
Alt2-3a: If two power control loops are configured for the UE without SRI, each DL beam management RS, such as CSI-RS or SS block, should link to one of two closed-loop power control loops by RRC.

Feature-lead suggestion: 
For the case of  PUSCH with grant and ‘PUSCH beam indication’ not based on SRI in FR2, suggest to wait for the conclusion from MIMO section on the default assumption for PDSCH spatial relation in such a case, e.g., whether to follow the spatial relation of PUCCH or not.  

Proponents’ views are collected in the following table:
	Companies
	Comments/Further clarification

	QC
	Alt. 1.  For DCI 0_1, SRI field must be there and hence the first subbullet of alt1-1 is not needed.

	Nokia
	Follow PUCCH beam for PL measurement, or if there is uncertainty, msg3 beam can be used 
Open loop parameter is fixed to a certain value
But would be overwritten by further agreements in beam management A.I.

	ZTE
	Slightly prefer Alt1, but based on the final conclusion from MIMO section to support that PDSCH should follow the spatial relation of PUCCH in such a case.
Meanwhile, approaches on Alt2 have higher spec complexity and also seem to be unnecessary, if reusing some default setting based on the agreed PDSCH/PUCCH mapping framework can work well with high flexibility.

	OPPO
	Alt.1-3 is preferred. Alt 1-1is also acceptable.

	Intel
	Support Alt1 and Alt1-1 and Alt1-2 has some overlapping part. maybe we can try to agree that first.

	Samsung
	As captured in the agreement, additional mapping rules for {j, q_d, l} for the PUSCH with grant and no SRI field in uplink grant can be considered depending on the further agreement on the MIMO session.

	vivo
	Support Alt1-1, but this issue can be further discussed after the PUCCH beam indication can be reused for the PUSCH beam indication when it is scheduled by fallback DCI has been agreed in MIMO session. 

	Motorola Mobility, Lenovo
	Depends on the further agreement on the MIMO session.

	Huawei, HiSilicon
	{j, q_d, l} is derived in one unified approach, and Confirm the working assumption on power control parameters without SRI field in uplink grant without the note and maintain current description in 38.213

	Ericsson
	Alt 1-2 , better to wait for MIMO discussions related to PUSCH beam for these cases to conclude, before addressing this for PC.


Proposal-1: Further offline discussion once the conclusion from MIMO section on the default assumption for PDSCH spatial relation has been reached.

1.1.2 PRACH and Msg3 
Background
In RAN1 #92 meeting, we discussed this issue about PUSCH(including MSG3) before DL RS(s) is explicitly configured for pathloss measurement and PRACH, and the following agreements has been reached.  It is also agreed that CSI-RS would be used as the RS for PRACH if the CSI-RS is associated with PRACH.
	Agreement:
When PRACH is associated with CSI-RS resource(s), the pathloss measurement for PRACH is based on one of the associated CSI-RS resource.
· FFS: Which of the associated CSI-RS is used if there are multiple resources associated
Agreement:
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.
Section 7.4    Physical random access channel in TS38.213  
If the PRACH transmission from the UE is in response to a detection of a PDCCH order by the UE, referenceSignalPower is SS-PBCHBlockPower or, when the UE is configured a periodic CSI-RS transmission, is obtained by higher layer parameter Pc-SS that provides an offset of CSI-RS transmission power relative to SS/PBCH block transmission power [6, TS 38.214], depending on the DL RS that the DMRS of the PDCCH order is quasi-collocated with as described in Subclause 10.1.


But, for PUSCH Msg3 and UE in RRC_CONNECTED state (such as radio link re-establishment after RLF, beam failure recovery, handover, UL synchronization, SR transmission), its UE behavior is still unclear and this issue has been raised by Huawei, CATT, ZTE, Motorola. 
According to our best knowledge, we have the following alternatives:
Regarding open-loop parameter for Msg3
Alt1: Definition of PUSCH open-loop parameter  should also include Msg3 transmission in the RRC_CONNECTED state
Proponents’ views are collected in the following table:
	Companies
	Comments/Further clarification

	DOCOMO
	Alt1 seems to be fine.

	CATT
	Alt 1 is Ok

	QC
	Alt1 is ok. 

	Nokia
	Alt 1 is O.K.

	ZTE
	Support Alt1. 
There is no difference for MSG3 between in initial access process or in RRC_connected.

	Intel
	Support Alt1

	Samsung
	Alt1 seems be fine

	vivo
	Support Alt1

	Motorola Mobility, Lenovo
	Alt 1
TP:
· 

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 , , …..

	Ericsson
	For this case whatever we agree for PC parameters regarding DCI 0_0 (i.e., discussed in earlier section 2.1.1) can apply for msg3 rtx in RRC connected state.

	Huawei, HiSilicon
	{j, q_d, l} is derived in one unified approach, and Confirm the working assumption on power control parameters without SRI field in uplink grant without the note and maintain current description in 38.213



Proposal-2: Definition of PUSCH open-loop parameter  should also include Msg3 transmission in the RRC_CONNECTED state


Regarding RS for PL estimation for PRACH during handover (Notes: for PDCCH order case, UE behavior has been captured in endorsed TS 38.213)
Alt1: UE shall use the selected SS block or CSI-RS resource in the measurement event as the DL RS for pathloss measurements during the handover.  
Proponents’ views are collected in the following table:
	Companies
	Comments/Further clarification

	DOCOMO
	Alt1 seems to be fine.

	CATT
	Alt 1 is OK

	QC
	Alt1.

	Nokia
	Fine with Alt 1.

	ZTE
	Support Alt1. Also fine with up to UE implementation for the perspective of spec. 

	Intel
	Support Alt1

	Samsung
	Considering ZTE’s view, i.e., which RS should be used for PL measurements during the handover is left to UE implementation, the proposal is not clear. 
Why not using SSB only for Msg.1 transmission? Or why not using gNB configuration on the RS? Clarification is needed.

	vivo
	It is not clear for Alt1, clarification is needed.

	Motorola Mobility, Lenovo
	Selected SSB or CSI-RS resource among SSBs and CSI-RS resources associated with indicated RACH resources in the handover message is used for pathloss estimation for PRACH during handover.


	Huawei, HiSilicon
	For PRACH with PDCCH order, PL RS resource can be indicated with TCI associated with the PDCCH order detection by configuring additional TCI-RS resource mapping. Alternatively, the CFRA-CSIRS-Resource already defined in TS 38.331 can be used.

	
	



Proposal-3: Selected SSB or CSI-RS resource among SSBs and CSI-RS resources associated with indicated RACH resources in the handover message is used for pathloss estimation for PRACH during handover.
Regarding RS for PL estimation for Msg3
Alt1: For PUSCH Msg3 in the RRC_CONNECTED state, UE shall use the SSB or CSI-RS identified as Msg1.
Proponents’ views are collected in the following table:
	Companies
	Comments/Further clarification

	DOCOMO
	Alt1 seems to be fine.

	CATT
	Alt 1 is OK.

	QC
	Alt1

	Nokia
	O.K. 

	ZTE
	Support Alt1.

	Intel
	Support Alt1

	Samsung
	For PRACH transmission in RRC connected state, UE decides whether to use SS block or CSI-RS and the RS used for Msg.1 transmission is reused for Msg.3 transmission.
Same question as RS for Msg.1 transmission applies for this Alt.1

	vivo
	Support Alt1

	Motorola Mobility, Lenovo
	Alt 1. 
For PUSCH Msg3, the DL RS for pathloss estimation shall be the SS/PBCH block or if configured, (the first) CSI-RS resource identified by the UE during the current random access procedure, i.e., that associated with the Msg1 PRACH preamble transmission. 

	Huawei, HiSilicon
	Alt1 is OK

	Ericsson
	For this case, whatever we agree for PC parameters regarding DCI 0_0 (i.e., discussed in earlier section 2.1.1) can apply for msg3 rtx in RRC connected state.



Proposal-4:For PUSCH Msg3 in the RRC_CONNECTED state, UE shall use the SSB or CSI-RS identified as Msg1.
Regarding closed loop process for Msg3
Alt1: 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 .   
· Notes: When more than one closed-loop process is configured for PUSCH/PUCCH, CL-PC index  shall be reset upon receiving RAR.
Proponents’ views are collected in the following table:
	Companies
	Comments/Further clarification

	DOCOMO
	Alt1 seems to be fine.

	CATT
	Alt 1 is OK.

	Nokia
	Alt 1 is O.K., but the reset condition is unclear. Is this mean that no accumulation of CL PC is applied due to the reset?

	ZTE
	Support Alt1. It seems that Msg3 does not need more than one CL-PC process.

	Intel
	Why do we need CL-PC for Msg3?

	Samsung
	We share Intel’s view. Not clear to this proposal

	vivo
	It is not clear for Alt1, more discussion is needed.

	Motorola Mobility, Lenovo
	Alt 1

	Huawei, HiSilicon
	Alt.1 is fine

	Ericsson
	For this case, whatever we agree for PC parameters regarding DCI 0_0 (i.e., discussed in earlier section 2.1.1) can apply for msg3 rtx in RRC connected state.



Please further check the following paragraph in TS 38.213, where CL-PC for Msg3 is here
	[image: ]



Proposal-5: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 .   
· Notes: When more than one closed-loop process is configured for PUSCH/PUCCH, CL-PC index  shall be reset upon receiving RAR.

1.2 PUCCH
1.2.1 PUCCH without PUCCH-Spatial-relation-info
Background
	Agreement
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


The approach for configuring power control parameters {j, k, l} for the case without PUCCH-Spatial-relation-info has been agreed as above with an FFS. This issues have been raised again by proponents: Huawei, CATT, ZTE, Motorola, Nokia.
Alternative solutions:
According to our best knowledge, there are alternatives as follows:
For PUCCH without high layer parameter PUCCH-Spatial-relation-info
Alt1: For PUCCH without PUCCH-spatial-relation-info, NR support up to 2 closed-loop processes
· When 2 closed-loop states are configured, closed-loop l=0 is used for long PUCCH formats and l=1 is used for short PUCCH formats.
Alt2: The closed loop index l should also be set to a fixed value, e.g. 0.
Alt3: If two power control loops are configured for the UE without explicit PUCCH-Spatial-relation-info from MAC IE, each DL beam management RS, such as CSI-RS or SS block, should have one associated P0 configured for PUCCH power control and link to one of two closed-loop power control loops by RRC.     
Proponents’ views are collected in the following table:
	Companies
	Views
	Comments/Further clarification

	DOCOMO
	Alt.1
	Long/short PUCCH can be used separately in some case, e.g., short PUCCH for URLLC, long PUCCH for eMBB.

	CATT
	Alt. 3
	

	Nokia
	
	For open loop parameter selection, a default can be assumed. 
For pathloss measurement, UE should utilize DL RS which is QCL-ed with PUCCH defined by further agreements of beam management A.I.
Note: Since linkage between the parameters are defined only for SRI table, alt 3 has RRC impact

	ZTE
	Alt2
	Only one l is enough, since the BLER performance for long and short PUCCH both should be guaranteed both, and also using different PUCCH format for ULRRC and eMMB, respectively, can NOT be observed clearly.

	OPPO
	Alt.2
	Using independent close loop indexes for different PUCCH formats would lead to high TPC overhead. If the PUCCH is used for CSI, it would be difficult to adjust the power timely.

	Intel
	Alt2
	Further optimization could be in next release

	Samsung
	
	Likewise the case of PUSCH without SRI, depending on the further agreement in MIMO session, this issue can be considered in UL PC session.

	vivo
	Alt2
	

	Motorola Mobility, Lenovo
	Alt 2
	PUCCH transmissions without explicit beam indication (i.e., without PUCCH-Spatial-relation-info or PUCCHClosedLoopIndex-Mapping), the CL-PC index is fixed to  as in the case of grant-based PUSCH without SRI.

	Huawei, HiSilicon
	Alt.2
	

	Ericsson
	Alt 2
	


Proposal-6: 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.

For PUCCH with PUCCH-Spatial-Relation-Info is (re-)configured, but not activated by MAC CE
Alt1: To support a default PUCCH PC parameter set that corresponds to the default spatial relation selected for PUCCH if the corresponding PC mappings are provided, otherwise use PUCCH PC parameter set with ().
Feature-lead suggestion: This issue depends on further conclusions in MIMO section: how to understand the default beam between RRC re-configuration and MAC-CE re-activation, e.g., follow the first entry of RRC reconfigured PUCCH-Spatial-Relation-Info or PUCCH beam should be remained until MAC-CE re-activation.
Proponents’ views are collected in the following table:
	Companies
	Comments/Further clarification

	CATT
	We are not clear about this question.   I don’t see this scenario happens when parameters set is configured and not activated by MAC

	QC
	No need.

	Samsung
	Same as CATT and QC

	Motorola Mobility, Lenovo
	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, the default PUCCH PC parameter set should correspond to the default spatial relation selected for PUCCH (default PUCCH spatial relation is discussed in MIMO AI)  if the corresponding PC mappings (P0PUCCHIndex-Mapping, PathlossReferenceIndex-Mapping, PUCCHClosedLoopIndex-Mapping) are provided, otherwise use PUCCH PC parameter set with ().


	Huawei, HiSilicon
	Use PUCCH PC parameter set with ().



1.2.2 ΔPUCCH_TF,c(i) 
Background
In RAN1 #92 meeting, we reached agreements as follows about PUCCH power control formula with K1 and K2 value remained FFS.
	Agreement:


To change PUCCH power control formula as below, where  does not depend on .


Agreement:
For the case of large UCI payload size (greater than 11), ΔPUCCH_TF,c(i) is equal to ΔPUCCH_TF,c(i) = 10log10(2K1∙BPRE(i) – 1)
· BPRE(i) = OUCI(i)/NRE(i) 
· OUCI(i) is the number of UCI bits including CRC bits in i 
· NRE(i) = MPUCCH,c(i) x number of subcarriers per PRB x number of DFT-s-OFDM/CP-OFDM symbols excluding DMRS symbols/tones
· FFS: K1 (there is no new RRC parameter introduced)
Agreement:
· For PUCCH format 2, 3, and 4, for the case of small UCI payload size (less than or equal to 11)
· ΔPUCCH_TF,c(i) = 10log10(K2∙BPRES(i)) where
· BPRES(i) = OUCI(i)/NRE(i)
· OUCI(i) is the actual number of UCI bits transmitted in i excluding the known bits as in LTE
· NRE(i) = MPUCCH,c(i) x number of subcarriers per PRB x number of DFT-s-OFDM/CP-OFDM symbols excluding DMRS symbols/tones
· FFS: K2 (there is no new RRC parameter introduced)


This time at least these companies provide suggestions for K1 and K2 values: Huawei, CATT, ZTE, Samsung.
Alternative solutions:
Huawei:
For PUCCH power control ΔTF,f,c(i) with payload size >11, K2 can be set as 2 and 3.5 for CRC length 6 and 11 respectively.
CATT: 
The k2 value for delta function ΔTF,f,c(i) for PUCCH format 2/3/4 is as follows,
· k2 = 6.6393 for PUCCH format 2 without frequency hopping
· k2 = 4.0551 for PUCCH format 2 with frequency hopping
· k2 = 7.8764  for PUCCH format 3/4 without frequency hopping
· k2= 3.3910  for PUCCH format 3/4 with frequency hopping
The k1 value of the delta function ΔTF,f,c(i) is k1 = 2.0481 for PUCCH format 2/3/4 with and without frequency hopping and both length 6 and 11 bits CRC
ZTE
To support K2=1.8 for small payload size and K1=1.25 for large payload size for delta_TF,c
Samsung:
For UCI of less than or equal to 11 bits, K2 is fixed to 5 or 7.5.
For UCI of greater than 11 bits, K1 is fixed to 1.25.

According to our best knowledge, we have the following alternatives:
Regarding K1 for large payload size for delta_TF,c,
Alt1: K1=1.25 as LTE
Alt2: K1 = 2.0481 for PUCCH format 2/3/4 with and without frequency hopping and both length 6 and 11 bits CRC
Alt3: For PUCCH power control ΔTF,f,c(i) with payload size >11, K2 can be set as 2 and 3.5 for CRC length 6 and 11 respectively.
Proponents’ views are collected in the following table:
	Companies
	Comments/Further clarification

	CATT
	For small UCI size with RM code, the slope k2 value is sensitive to PUCCH formats and frequency hopping/no hopping.  Since the payload size is small, the slop of the power adjustment factor k2 needs to be more précised.    For large UCI with Polar codes, the variation is much smaller with respect to hopping/no hopping or different PUCCH formats.  Thus, one value of k1 should be sufficient.

	Intel
	Support Alt1

	Samsung
	Alt1

	Huawei, HiSilicon
	Alt.3



Proposal-7: Downselect the following alternatives 
Alt1: K1=1.25 as LTE
Alt2: K1 = 2.0481 for PUCCH format 2/3/4 with and without frequency hopping and both length 6 and 11 bits CRC
Alt3: For PUCCH power control ΔTF,f,c(i) with payload size >11, K2 can be set as 2 and 3.5 for CRC length 6 and 11 respectively.


Regarding K2 for small payload size for delta_TF,c,
Feature-lead suggestion: K2 can be seen as one fixed offset between load and small payload size rather than one slope factor of delta_TF,c (like K1) since ΔPUCCH_TF,c(i) = 10log10(K2∙BPRES(i))  = 10log10(K2) + 10log10(BPRES(i)). Therefore, it is recommend that K2 should be discussed after reaching consensus on K1

Proponents’ views and suggestion are collected in the following table:
	Companies
	Comments/Further clarification

	CATT
	No.  For small UCI size with RM code, the slope k2 value is sensitive to PUCCH formats and frequency hopping/no hopping.  Since the payload size is small, the slop of the power adjustment factor k2 needs to be more précised.

	Samsung
	Single value

	Huawei, HiSilicon
	Single value is sufficient

	
	


Proposal-8: Further offline discussion on K2 for small payload
1.3 Group-common TPC command 
Background




In closed-loop power control, each transmission of PUSCH or PUCCH is associated with one power control adjustment state with index l, where or . Therefore, which one of closed loop(s) is associated with the group-common TPC command should be specified. The following agreement has been reached in RAN1 #92 meeting for  as follows, but it is still not FFS for .
	Agreement (New RRC parameter):
For group-common TPC command in DCI format 2-2, when a UE is not configured with 2 closed loops, NR uses the same approach as LTE (i.e. TPC_index is configured by higher layers and used by the UE to determine the location of the TPC command in the DCI)
· New RRC parameter needs to be introduced


Some potential solutions for this issue have been provided by: Huawei, ZTE, Qualcomm, Ericsson.
Alternative solutions:
According to our knowledge, there are the following alternatives.
Alt1: One bit closedloopindex field is present along with the TPC command in the DCI format 2_2 to indicate which closed loop the TPC command applies to, if a UE is configured with 2 closed loops.
Alt2: An even-numbered TPC -RNTI is for power control loop 0, and an odd-numbered TPC-RNTI for loop 1, if a UE is configured with 2 closed loops.
Alt3: TPC indices <X are for power control loop 0 and TPC indices >=X are for power control loop 1, if a UE is configured with 2 closed loops.
·  FFS the value of X
Alt4: For a UE configured with 2 closed-loop indexes, it can read 2 consecutive TPC command, which starts from the configured tpc-index

Proponents’ views are collected in the following table:
	Companies
	Views
	Comments/Further clarification

	DOCOMO
	Alt1
	If Alt2 or 3 is supported, TNTI or TPC index allocation will be complexed.

	CATT
	
	Supporting one closed-loop for each UE for DCI format 2_2 is sufficient. 

	QC
	Alt 2 or Alt3
	It allows network to decide which or both loops are supported.Dont understand DOCOMO’s comment.

	Nokia
	
	No 2 CL-PC is assumed,,

	ZTE
	Alt1 or Alt2
	Alt-3 cannot work well, unless supporting X can be RRC configured.

	OPPO
	Alt1
	Since not all of the UEs would be configured with 2 close loops, the size of TPC field may be different for different UEs. Then the higher layer parameter tpcindex should be indicated in unit of one bit instead of two bits as in current RRC parameters. One LS should be sent to RAN2 if Alt1 is agreed.

	Intel
	Alt4
	One new alternative (Alt4) without additional signaling and effort, which is similar to LTE


	Samsung
	Alt1
	

	vivo
	Alt1
	

	MTK
	
	In case of multiple loops of PC, UE can know what loop is in use when receiving a group-common TPC. There is no need of additional loop index since UE can simply accumulate the received TPC into the working PC loop.

	Motorola Mobility, Lenovo
	
	l is configured together with an index to the TPC command for the UE in the group-common TPC DCI. Whether two fields per serving cell for both CL are present or not is up to gNB. This has RRC impact, otherwise one CL (for group-common TPC DCI in Rel-15.

	Huawei, HiSilicon
	Alt.1
	We think the issue for DCI 2_3 should be considered as well. Alt2 does not seem to work since this is GC DCI, which may contain TPC commands for some UEs for PC loop 0 and some other UEs for PC loop 1.

	Ericsson
	Alt1
	


Proposal-9: Downselect the following alternatives
Alt1: One bit closedloopindex field is present along with the TPC command in the DCI format 2_2 to indicate which closed loop the TPC command applies to, if a UE is configured with 2 closed loops.
Alt2: An even-numbered TPC -RNTI is for power control loop 0, and an odd-numbered TPC-RNTI for loop 1, if a UE is configured with 2 closed loops.
Alt3: TPC indices <X are for power control loop 0 and TPC indices >=X are for power control loop 1, if a UE is configured with 2 closed loops.
·  FFS the value of X
Alt4: For a UE configured with 2 closed-loop indexes, it can read 2 consecutive TPC command, which starts from the configured tpc-index
Alt5: Only one pre-defined CL-PC is assumed for group TPC command if a UE is configured with 2 closed loops.


1.4 TPC command priority
If more than one TPC command are received in one slot, which one has higher priority has not been discussed yet. Some proponents, CMCC, MediaTek and ZTE, proposed the views on this issue.
Alternatives are listed as follows:
Alt1: Scheduled TPC command has higher priority compared with group common TPC command, i.e. priority of DCI format 0/1 > DCI format 2
Alt2: If there are multiple scheduling DCIs of format 0/1 received in a slot, only the TPC of the earliest DCI is considered.
Alt3: If there are multiple scheduling DCIs of format 0/1 received in a slot, both TPCs are effective.  

Proponents’ views are collected in the following table:
	Companies
	Comments/Further clarification

	DOCOMO
	Alt1 is preferable. But, anyway gNB can manage such issue.

	CATT
	This is an error case in the implementation not to specify the solution in the specs.

	Nokia
	This is an error case

	ZTE
	Agree with Alt1. For Alt2, it seems no need to limit the earliest one in such a case, and also the latest one can provide the most recent information. 

	OPPO
	We add alt3. Allowing multiple TPCs can achieve larger TPC adjustment range. Especially in scenarios of dynamic beam/BWP switching, a large adjustment range would be very useful and can reduce the adjustment time. 

	Intel
	Support Alt1

	Samsung
	Intention of this proposal is not clear

	vivo
	gNB should prevent such case happening.

	MTK
	Note Alt 1 and Alt 2 actually address two different scenarios.
If it is commonly understood “format 0 + format 2” or “format 1 + format 2” in a slot is an error case, we can add the note that UE is not expected to receive the above setting. On the other hand, if such a case cannot always be precluded, it is suggested to specify the priority as LTE (where LTE format 0 is prioritized over format 3). Then Alt 1 can be considered.
The condition of Alt 2, i.e., there are multiple scheduling DCIs of format 0/1 received in a slot, is a valid case in NR. If no rule is specified, UE cannot perform correct CL-PC. For example, UE cannot always accumulate all received TPCs in a slot before applying the accumulative TPC to the nearest UL due to violation on N2 timing. In this regard, Alt 2 should be considered.

	Motorola Mobility, Lenovo
	UE behavior is not specified. 

	Huawei, HiSilicon
	Alt.1 is fine

	Ericsson
	Not clear why additional UE behavior needs to be specified.



Proposal-10: Downselect the following alternatives, regardless of accumulative or absolute TPC command
Alt1. Scheduled TPC command has higher priority compared with group common TPC command, i.e. priority of DCI format 0/1 > DCI format 2
[bookmark: _GoBack]Alt2. UE does not expect that the scheduled TPC command and group common TPC command are received in the same slot;

Proposal-11: Further offline discussion on the case of multiple scheduling DCIs of format 0/1 received in a slot, taking into account both accumulative or absolute TPC cases, 

1.5 Reset of Closed-Loop upon Power control setting Reconfiguration
Background
	In Sections 7.1.1 of TS 38.213 
· 


A UE shall reset accumulation for UL BWP  of carrier  of serving cell 
· 
When  value is changed by higher layers;
· 

When  value is received by higher layers and serving cell  is a secondary cell;
· 
When  value is changed by higher layers.


If the higher layer parameters SRI-PUSCHClosedLoopIndex-Mapping and SRI-P0AlphaSetIndex-Mapping are provided, the UE determines the value of  from the value of  based on the respective mappings to a same SRI value as provided by the higher layer parameters. 
In Sections 7.2.1 of TS 38.213
· 
If  value is changed by higher layers, 
· 
 


If the higher layer parameters P0PUCCHIndex-Mapping and PUCCHClosedLoopIndex-Mapping are provided, the UE determines the value of  from the value of  based on the respective mappings to a same PUCCH-Spatial-relation-info value as provided by the higher layer parameters. 


Proponents (vivo, Motorola, Nokia) want to add conditions which could lead to closed loop PC process to be reset. Alternatives are listed as follows.
Alt1: switching between UL BWPs
Alt2: switching between beams, e.g. addition of a new gNB beam, reconfiguration of the mappings between SRI/TCI/PUCCH-Spatial-Relation-Info and PC parameters;
Alt3: RRC configuration of DL CSI-RS index for pathloss measurement is changed
Alt4: no power control reset for BWP switching

Proponents’ views are collected in the following table:
	Companies
	Views
	Comments/Further clarification

	DOCOMO
	Alt2 and 3
	Alt1 is no needed. BWP switching can be handled by switching j.

	CATT
	Alt4
	No power control reset for above cases

	Nokia
	Alt 3
	

	ZTE
	No support
	For Alt-1, close loop is configured per BWP, which means that there is not any sharing case between two BWPs.
For Alt-2/3, generally speaking, the current approach in the spec could address all these issues by reconfiguration P0. It is difficult for us to understand why the BWP/mapping/CSI-RS is reconfigured but P0 is not, which seems not to make sense.

	OPPO
	No support or Alt3
	In case of beam/BWP switching, whether the close loop adjustment needs to be reset should be decided by gNB. To be consistent with other open loop parameters, Alt3 can be considered. 

	Intel
	Not support
	Not essential issue. Without this, spec is not broken. Can be discussed at next release.

	Samsung
	Alt3 or Alt4
	Alt3 and Alt 4 are same.
Alt 3 is included in the previous agreement that if RRC is reconfigured, then UE resets the CL PC process.

	vivo
	Alt1 and 2
	When a UE switches from one BWP to another, then go back to the previous BWP, there is no reason to still use previous close loop process parameter.
For DPS case, different beams come from different transmission points. If close loop process resetting is no supported, it may lead to inefficient PC.

	Motorola Mobility, Lenovo
	Alt 2 and Alt 4
	Reset or carry over depending upon the spatial relations (i.e., QCL assumptions) before and after the beam addition (pathloss reference (re)-configuration), and/or SRI/TCI/PUCCH-Spatial-Relation-Info reconfiguration
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
Alt-1 is not needed, since open-loop and pathloss reference are configured per UL BWP, and any closed-loop reset should be tied to (re-)configuration of open-loop and/or pathloss. 

	Huawei, HiSilicon
	
	
Alt1 is OK but no further specification is necessary because  implies BWP switching 





Besides, in the case when two CL-PC processes are configured to the UE for PUSCH/PUCCH, it is necessary to specify which CL-PC process is impacted by this CL-PC reset operation. Currently, this issue is addressed in the spec only for the case when the mapping between SRI/PUCCH-Spatial-Relation-Info and the PC parameter set is configured; see the above highlighted text, but it depends on the remaining issues discussed in Sections 2.1 and 2.2.1, i.e., for grant-based PUSCH without SRI, Msg3, and PUCCH without PUCCH-Spatial-Relation-Info. 
Motorola suggested to specify which CL-PC process to reset as follows 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.
· 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.
Proponents’ views are collected in the following table:
	Companies
	Comments/Further clarification

	Intel
	Not essential issue. Without this, spec is not broken. Can be discussed at next release.

	Samsung
	It would be better to discuss this issue after stabilizing the cases of grant-based PUSCH without SRI, and PUCCH without PUCCH-spatial-relation-info

	Huawei, HiSilicon
	Seems not necessary to support this point because TPC loop resetting follows specific open-loop parameters reconfiguration. 

	Motorola Mobility, Lenovo
	Need to specify which CL-PC process to reset and it should be according to the existing agreements for closed-loop configuration.


Proposal-12: Further offline discussion

1.6 Power Scaling
Huawei: Intra-slot power scaling should be supported to keep same power level for PUSCH/PUCCH TDM case. 
Proponents’ views are collected in the following table:
	Companies
	Comments/Further clarification

	DOCOMO
	If scaled, is it reflected to Pcma,c reporting? If not, how does gNB knows actual UE transmission power?

	CATT
	I am not clear about the question. 

	QC
	No need as it creates more problems. 

	Nokia
	No power scaling

	ZTE
	It seems reasonable to keep the same power lever for PUSCH or PUCCH within one slot. 

	Samsung
	No need

	vivo
	Do not support.

	MTK
	In LTE, PUCCH and SRS can be multiplexed in TDM manner, and proper power transient period is specified by RAN4 to accommodate different transmission power levels. In NR, analogous specification can be considered. On the other hand, introducing the intra-slot power scaling cam conflict with the demand of independent power controls on PUSCH and PUCCH.

	Motorola Mobility, Lenovo
	Unclear of the need for intra-slot power scaling.

	Huawei, HiSilicon
	TDM scaling should be supported


Proposal-13: Further offline discussion
Power scaling for SRS
Huawei
For the simultaneous transmission of multiple SRS resources from one resource set, the power for the SRS resource set should be equally split by all antenna ports associated with the multiple SRS resources.
For the simultaneous transmission of multiple SRS resources from different resource set, NR should support
· Power scaling with same factor for multiple resource sets,
· Keeping the same power scaling factor for transmission multiple resources within one resource set.
Proponents’ views are collected in the following table:
	Companies
	Comments/Further clarification

	CATT
	The Tx power of SRS should be set independently without any 

	ZTE
	Support.

	OPPO
	Support

	Samsung
	Not clear

	vivo
	Not clear

	Motorola Mobility, Lenovo
	Unclear.

	Huawei, HiSilicon
	Power scaling between multiple SRS resources should be supported.

	Ericsson
	should be discussed together with power scaling for PUSCH


Proposal-14: Further offline discussion

Power scaling for PUSCH
Ericsson
· 
UL power control for PUSCH should be modified such that UEs using non-codebook based transmission can transmit with a total power  independent on rank, allowing the UE to transmit at its maximum rated power. 
· 
UL power control for PUSCH should be modified such that UEs configured to ‘partial coherence’ and ‘non coherence’ using codebook based transmission can transmit with a total power  independent on rank, allowing the UE to transmit at its maximum rated power.
Proponents’ views are collected in the following table:
	Companies
	Comments/Further clarification

	DOCOMO
	Agree with the proposal.

	CATT
	The precoding matrix already includes the scaling factor.   

	QC
	Single-antenna port transmission can be used to avoid the problem. No need to changes.

	Nokia
	This issue should be discussed in MIMO A.I. for codebook design

	ZTE
	Slightly refer to be discussed in codebook/non-codebook transmission section firstly, and if required we can make some further conclusion accordingly

	Intel
	Not essential issue. can be discussed at next release.

	Samsung
	Same view as Nokia. Actually, this was proposed by Ericsson in last year.

	vivo
	Same view as Nokia and Samsung, this issue should be handled in MIMO session.

	Motorola Mobility, Lenovo
	This should be discussed in MIMO session.

	Huawei, HiSilicon
	Not necessary

	Ericsson
	OK to discuss in PC and/or MIMO session in UL MIMO A.I


Proposal-15: No consensus 
1.7 K values for group common TPC command
Background:



, , and  are defined to deduce when these TPC commands can be used for the corresponding PUSCH/PUCCH/SRS transmission. 
· For non group-common TPC command, we have the following agreements already for their definition and the exact value should be made in coordination with decisions from the scheduling and HARQ session
· 


But, for group-common TPC command, , , and  are still FFS.
	Agreement
For PUSCH transmission triggered by uplink grant, K_PUSCH is the time duration between the uplink grant and the start of the PUSCH transmission
For PUCCH transmission triggered by PDSCH corresponding to downlink assignment, K_PUCCH is the time duration between the downlink assignment and the start of the PUCCH


Although this issue is supposed to be discussed in HARQ/scheduling AI, some companies still proposed their opinions in power control AI which are listed as follows:
Samsung: 
Exact values of KPUSCH, KPUCCH, and KSRS should be determined in the scheduling and HARQ-ACK session. Guidance from the power control session can be that the values can be fixed or depend on the UE processing capability.
LG: 

For the case of TPC command in PDCCH with TPC-PUSCH-RNTI, especially for the slot-based scheduling, define power control timing  as to indicate the latest slot which guarantees UE’s minimum PUSCH processing time, that is, N2.

For the case of TPC command in PDCCH with DCI format 1_0/1_1 or PDCCH with TPC-PUCCH-RNTI, define power control timing  same as the case of PDCCH with TPC-PUSCH-RNTI.

For the case of TPC command in PDCCH with TPC-SRS-RNTI, define power control timing  same as the case of PDCCH with TPC-PUSCH-RNTI.
Qualcomm:
[bookmark: _Hlk510725526]For power control for PUSCH, PUCCH, and SRS, the TPC command in a group power control DCI to be applied is the last one received before slot n-k+1, where n is the slot number of the UL transmission and k is the first entry of k2 configured by higher layer for PUSCH slot offset.
Mediatek 
Discussed the problem of power control for out of order scheduling case. 
[image: ]
Fig. 2: Revised formula for TPC accumulation to match the expected power adjustment
Proposal: each accumulative TPC formula is revised by introducing an intermediate state variable accumulating the received TPC value for each slot. The scheduling delay/offset is then utilized to refer the expected accumulative TPC value in the slot with the scheduling DCI.
Feature lead recommendation: This issue should be handled in HARQ/scheduling AI
Proponents’ views and suggestion are collected in the following table:
	Companies
	Comments/Further clarification

	CATT
	Not discuss in power control session

	QC
	Separate two issues: 1. K_pusch for group power control, should be defined. 2. out of order scheduling. Since the network decides the TPC at the time of DCI, the f(i-1) should be f(i-kpusch)

	Samsung
	Same as CATT. We have concluded to not discuss this issue in power control session and it has to be discussed in UL control session.

	vivo
	This issue should be handled in control session.

	MTK
	Note the figure of out of order scheduling issue is coped below to show that the expected power adjustment at DCI may not match the applied one to the corresponding UL with current formula. Since such a scheduling is a valid usage in NR framework, we should first check if the illustrated mismatch is expected and, if not expected, what should be the proper change to adapt current formula. Regarding the time offset for group common TPC to be applied, we are fine for them to be decided in another section if an agreement can be made in this PC section.

[image: ]

	Motorola Mobility, Lenovo
	This should be discussed in the UL scheduling agenda item.


Proposal-16: K values for group common TPC command is out of scope of UL power control section, but the formula of accumulative TPC can be further discussed, as MTK mentioned, after some conclusion are reached, e.g., in UL control section.

1.8 PHR 
The solution for the default assumption for virtual PHR calculation for PUSCH and some further enhancement on virtual PHR have been discussed by vivo, NTT DOCOMO and Samsung as follows
Vivo 
· For non-CA case, the following virtual PHR cases are additionally supported in NR,
· Virtual PHR for beam different from current PUSCH transmission.
· Virtual PHR for inactive BWP.
NTT DOCOMO
· Default parameters for virtual PH calculation for PUSCH are linked with default SRS resource set ID, i.e., ID = 0 as in virtual PH calculation for SRS.
Samsung
· For virtual PHR calculation, the following options can be considered:  (Default setting for virtual PHR calculation)
· Option 1: j=2 and q_d and l=0
· Option 2: qd is the latest pathloss index, j and l are associated with the latest qd.
· Pcmax is reported together with PH in case of virtual PHR.
· Further consideration on UE’s processing time for PHR is not needed.
· Predefined slot index is used for PHR calculation when multiple slots of one CC overlaps with a slot of the CC carrying the PHR.

Feature lead recommendation: The remaining issue on default setting for virtual PHR for PUSCH should be handled in UL power control-CA section as last meeting.
Proponents’ views are collected in the following table:
	Companies
	Comments/Further clarification

	CATT
	In CA power control session

	Samsung
	Same as CATT

	vivo
	It is really needed if we want support accurate and efficient PC mechanism.

	Motorola Mobility, Lenovo
	Discuss in CA power control session

	HW
	If multiple {j,q_d,l} values are provided for dynamic scheduling, virtual PHR is derived based on the {j,q_d,l} value set associated with the same SRI mapping field, e.g. fixed the lowest index of SRI field.



1.9 Others
Besides, the following remaining issues are raised by single company, respectively, or should be discussed in other section or RAN2 rather than RAN1, but the proponents are sincerely encouraged to provide the corresponding WFs after offline discussion. 
MAC-CE format for PHR
	Huawei
· The following MAC CE formats can be considered for reporting the PHs when the power control of PUSCH and SRS is independent from each other:
Option 1: New MAC CE with 2 entries, one for SRS and the other one for PUSCH
Option 2: Reuse MAC CE for CA and identify the entries with same serving cell index by PH type
· The following two options can be considered as the MAC CE format for reporting PHRs for SUL and non-SUL:
Option 1: New MAC CE with 2 entries, one for SUL and the other one for non-SUL
Option 2: Reuse MAC CE for CA and define a mapping from entries with the same serving cell index to non-SUL and SUL



PC Parameter Configuration
	Motorola
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 , , …..



SRS priority
	Huawei
For SRS on an SUL/non-SUL carrier to be transmitted simultaneously with signal on the other UL carrier, SRS is with lower priority than other uplink signal, and for the same type of SRS, SRS on the SUL is with lower priority. The SRS with lower priority will be dropped if the UE does not support simultaneous transmission of SRS on an SUL/non-SUL carrier and other signal on the other UL carrier; otherwise, the power of the SRS with lower priority will be reduced.



Accumulative TPC
	Qualcomm
In the case of beam switching indicated by the change of reference signal resource, qd, and if 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 where .
InterDigital
Use a correction term based on the observed pathloss difference between the new and last beams to count for the pathloss difference resulted from a beam switch.






Power changing
	Vivo 
· For consecutive uplink channels/RSs transmission with power changing, X gurad symbol is reserved for a UE, where the UE does not transmit any other signals. The value of X is defined as below table 2.
Table 2. Guard symbol for consecutive uplink channels/Rs transmission with power changing
	Frequency band
	SCS(kHz)
	Guard symbol

	FR1
	15
	0

	FR1
	30
	1

	FR1
	60
	1

	FR2
	60
	1

	FR2
	120
	1






Conclusion
Based on the summary of both remaining issues and main views from companies’ contributions [2]-[25] for UL power control in non-CA aspects, the following proposals can be considered.
WFs
The following WFs are identified for this topic to the best of our knowledge:
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