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Introduction
In RAN1#90bis meeting, some agreements were made on power control framework for PUSCH, and there was also a working assumption for PUCCH. After RAN1#90bis meeting, there was an email discussion on SRS power control framework which achieved a conclusion. The relative conclusions are listed in appendix.
Based on these progresses, this contribution discusses the remaining issues on NR power control framework and provides solutions for some of them.

Discussion
Power control for PUSCH
The power control formula is agreed as follows for PUSCH with some FFS items. Some considerations are provided about these remaining issues.


Views on linkage and indication of {j, k, l}, 
· j is the index of open-loop power control set which means gNB configures J open-loop power control set(s), where 0 <= j <J. Each open-loop power control set includes at least P0 and alpha, except for Msg3 which only needs P0_Preamble and delta_Preamble_Msg3..
· k is the index of RS resource(s) for pathloss measurement which means gNB configures K sets of RS resource(s) for pathloss measurement, where 0 <= k <K. Each RS resource set indicates one beam or a beam group. Resources e.g. CSI-RS in a set k can be measured and used together to generate PLc(k).
· l is the index of closed-loop power control process which means gNB configure L closed-loop power control process(es), where 0 <= l <N. Each power control process refers to a beam pair link or a beam pair link group. So lis associated with j and k through UL TX beam (group).
About the values of K, J, N.
· For Msg3, it only needs to configure j.
· K, J and N for grant-free PUSCH should be 1.
· K, J and N for non-beam scenario grant-based PUSCH should be 1.
· J for beam scenario grant-based PUSCH should be equal to or less than the maximum number of candidate beams of PUSCH.
· N for beam scenario grant-based PUSCH should be equal to 2.
· K for beam scenario grant-based PUSCH is better to be larger than N. N out of K sets of RS resources are associated to the N closed-loop power control processes, and the remaining K-N sets of RS resources(s) are configured for pathloss measurement for the candidate beams which are not currently used but would possibly be configured later. Since a long period measured pathloss value is better than instantaneous pathloss, UE should monitor all configured K RS resource sets for pathloss although only N sets of it are used for dynamic switching. In addition, this candidate pool of resources for pathloss measurement can be shared by all PC processes including different physical channels.
About linkage and indication of {j, k, l}
gNB configures J open-loop power control set(s) and K sets of RS resource(s) for pathloss measurement for UE through higher layer signals, e.g. RRC. There are two schemes of DCI indication: 
· Independent indication scheme: l, j, k and UL TX beam (group) indication i.e. SRI(s) are indicated independently via different DCI fields. l is dynamically associated with the combination of {j, k, SRI(s)}. i.e. linkage is established in DCI.
· Joint indication scheme: the linkage of {j, k, SRI(s)} are configured in higher layer. Then DCI signaling is used to dynamically select one combination out of the RRC-configured candidate combinations for power control of PUSCH transmission.
Independent indication scheme causes large overhead for DCI and power control process depends on 3 parameters which are j, k and TxBeamIndicationSRI(s), it becomes unnecessarily complex. Joint indication scheme, by contrast, is a better choice since it is expected power control parameters are usually linked with beam selection. 
Table 1 - linkage of {j, k, l}
	Closed-loop Power control process ID (l)
	UL TX Beam (group) indication
	Open-loop parameter set (OLParaSet_j)
	RS resource(s) for pathloss measurement
(RSResourceSet_k)

	1
	TX Beam group 1 – SRI1and SRI2
	OLParaSet_1
	RSResourceSet_1

	2
	TX Beam group2 – SRI3and SRI4
	OLParaSet_2
	RSResourceSet_2


Table 1 is an example for joint indication scheme. Assuming N = 2, there are 2 closed-loop power control processes, each of which is linked to UL TX beam indication, an open-loop parameter set and an RS resource set(s) for pathloss measurement. UL TX beam indication can be a beam group indication. In this example, TX beam group 1 and TX beam group 2 both have 2 TX beams which are indicated in the form of SRI.
With such association among j, k, l and TX beam (group) indication, any one of the following schemes could be applied to configure j, k, l and TX beam indication.
Scheme 1: Closed-loop Power control process ID (l) and UL TX beam indication is indicated via DCI. To select a particular TX beam within a beam group, we consider a local index in specific beam group which l is associated with for less overhead.
Scheme 2: only UL TX beam indication is indicated via DCI, and this may require no overlapping among TX beam groups.
For non-beam scenario, there is no beam indication, since K, J and N for grant-free and non-beam grant based PUSCH should be 1, UE could easily get power control parameters.
Proposal 1: For NR uplink power control framework, linkage of {j, k, l} should be configured in higher layer.
· Each closed-loop power control process (l) is associated with UL TX beam indication, open-loop parameter set (j) and RS resources(s) for pathloss measurement (k) by higher layer signaling.
· UL TX beam indication i indicated by DCI signaling and j, k, l could be decided based on their association.
[bookmark: _GoBack]
Power control for SRS
NR should support SRS at least for beam management, for UL CSI acquisition and for DL CSI acquisition. With regard to power control, some of them could be tied to PUSCH and can share the same power control process as PUSCH, while others could not. Based on the conclusions of SRS power control email discussion, a unified power control equation is defined regardless of whether SRS is intended for DL/UL CSI acquisition or beam management as follows.


We would like to discuss the framework of SRS power control.
Views on how to support whether SRS power control is tied with PUSCH
NR SRS for UL CSI acquisition is similar to SRS in LTE, so SRS for UL CSI acquisition could share power control process with PUSCH in NR which is the scheme in LTE. 
For beam management, SRS for U1 may be different from SRS for U2 and U3 when considering whether SRS could share power control process with PUSCH. SRS(s) for U1 may cover much wider beam space than the transmit beam of PUSCH, so it is better not to share the power control process. While for SRS for U2 and U3, it is probably referring to a main direction selected from U1 process and the main direction is likely the same as that of PUSCH. So SRS for U2 and U3 may share the same power control process as PUSCH. However, it may be difficult to identify SRS for U1/U2/U3 so clearly in reality and there is no need for UE to know whether SRS is for U1, U2 or U3. Therefore, some rules need to be defined to let UE know whether or not SRS could share power control process with PUSCH. gNB could explicitly or implicitly indicate whether or not SRS share power control process with PUSCH. As for which power control parameters for PUSCH could be shared by SRS, SRI may be a good way to identify one set of power control parameters among several.

With regard to SRS for DL CSI acquisition, it usually appears on the serving cell  not configured for PUSCH/PUCCH transmission, so the power control parameters configured to SRS for DL CSI acquisition should be independent to other type of NR SRS and should not be tied with PUSCH.
NR SRS may also be used for antenna switching, in this case PUSCH may only occupy a subset of antennas and can not provide proper power control status for other candidate subset of antennas. It is similar to SRS for beam management for U1.So SRS for antenna switching may not share power control process with PUSCH.
In summary, gNB needs to configure the above SRS to UE and it is better to configure and/or indicate power control parameters in a uniform way. 

A framework for SRS power control is provided as follows.
· gNB configures SRS resource set(s) to UE via RRC signaling.
· gNB configures power control parameters for SRS to UE via RRC signaling, including J1 open loop parameters sets (P0, alpha), K1 PL measurement configuration sets (DL RS resources indication) and L1 closed loop parameters (closed loop power control process ID), where J1, K1 and L1 are >=1, and each set is indexed as j1, k1, l1 respectively.
· gNB configures transmit beams for SRS resource in any one way of gNB transparent, SRI or QCL of SRI. So UE is aware of the transmit beam of SRS(s) 
· For those SRS resources which are not tied with PUSCH for power control process, gNB configures the associations between SRS resource set ID and j1, k1 and l1. so that UE could get the power control parameters for SRS resources.
· For those SRS resources which are tied with PUSCH for power control process, gNB configures the associations at least between SRS resource set ID and j1. so that UE could get the power control parameters at least P0_SRS for SRS resources. Then UE uses transmit beams, e.g. SRI, to match the proper power control process of PUSCH in beam scenario, and uses other parameters, e.g. grant type to match the power control process of PUSCH in non-beam scenario. 
· The association may be configured via RRC signaling for periodic SRS resource set, and via MAC CE for aperiodic SRS resource set and semi-persistent SRS resource set. 
With above framework, gNB may configure “full” association for SRS for DL CSI acquisition, for antenna switching, and for U1 beam management, while configure “partial” association for SRS for UL CSI acquisition and beam management for U2/U3 beam management. For U2/U3, gNB could control SRS tied with PUSCH or not flexibly, based on the relation between transmit beams of SRS and PUSCH.
The power of SRS resources of SRS resource set in one slot should be kept equal, gNB also needs to indicate the period within which the power should be kept equal among slots for beam management purpose.
Proposal 2:for SRS power control framework,
· gNB configures power control parameters for SRS to UE via RRC signaling, including J1 open loop parameters sets (P0, alpha), K1 PL measurement configuration sets (DL RS resources indication) and L1 closed loop parameters.
· gNB configures “full” or “partial” associations between SRS resource set ID and j1, k1, l1.
· For “partial” associations, UE uses transmit beams, e.g. SRI, to match the proper power control process of PUSCH in beam scenario, and share the power control parameters of PUSCH other than P0.

Power control for PUCCH
In LTE, two types of power control formula are supported for PUCCH format 1/1a/1b/2/2a/2b/3 and PUCCH format 4/5 respectively. 
NR has reached some agreements on PUCCH, which include:
· [bookmark: _Toc492918267][bookmark: _Toc492918268]Support short-PUCCH (PUCCH structure in short-duration) and long-PUCCH (PUCCH structure in long-duration)
· For short-PUCCH, support short-PUCCH for UCI of up to 2 bits and short-PUCCH for UCI of more than 2 bits with different formats
· For long-PUCCH, support long-PUCCH for UCI of up to 2 bits and long-PUCCH for UCI of more than 2 bits with different formats
Considering power for NR PUCCH, we prefer to define a unified power control formula for short PUCCH and long PUCCH.The formula for PUCCH format 4/5 in LTE is flexible and can be used as baseline with beam specific factor included similar to that of PUSCH. The following formula including parameters description was agreed as working assumption at RAN1 #90b meeting. 


Proposal 3:for uplink power control for NR PUCCH
· Confirm the working assumption of unified power control formula for PUCCH 0~3.
· PL, as a factor of beam(s), should be kept the same for short PUCCH and long PUCCH in one slot.
· P0, as a factor of beam(s) and interference on receiver side, should be kept the same for short PUCCH and long PUCCH
· [image: ] could be shared between short PUCCH and long PUCCH

Conclusions
In this contribution, we discuss UL power control for NR. From the above discussion, we have the following proposals:
Proposal 1: For NR uplink power control framework, linkage of {j, k, l} should be configured in higher layer.
· Each closed-loop power control process (l) is associated with UL TX beam indication, open-loop parameter set (j) and RS resources(s) for pathloss measurement (k) by higher layer signaling.
· UL TX beam indication i indicated by DCI signaling and j, k, l could be decided based on their association.
Proposal 2:for SRS power control framework,
· gNB configures power control parameters for SRS to UE via RRC signaling, including J1 open loop parameters sets (P0, alpha), K1 PL measurement configuration sets (DL RS resources indication) and L1 closed loop parameters.
· gNB configures “full” or “partial” associations between SRS resource set ID and j1, k1, l1.
· For “partial” associations, UE uses transmit beams, e.g. SRI, to match the proper power control process of PUSCH in beam scenario, and share the power control parameters of PUSCH other than P0.
Proposal 3:for uplink power control for NR PUCCH
· Confirm the working assumption of unified power control formula for PUCCH 0~3.
· PL, as a factor of beam(s), should be kept the same for short PUCCH and long PUCCH in one slot.
· P0, as a factor of beam(s) and interference on receiver side, should be kept the same for short PUCCH and long PUCCH
· [image: ] could be shared between short PUCCH and long PUCCH
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Appendix
At RAN1#90bmeeting,the following agreements were made on power control for NR UL MIMO [1].
Agreements on power control for PUSCH:
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

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

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

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

Working assumption on power control for PUCCH:
· 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 on PHR:
· Support PH calculation for PUSCH transmission
· Calculation for current transmission 
· FFS: Calculation for non-current transmission



· 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)

After RAN1#90bmeeting, there was an email discussion on SRS power control framework which achieved the conclusion as follows.
Agreements:
For SRS power control
[image: IMG_256]
–       A unified power control equation is defined regardless of whether SRS is intended for DL/UL CSI acquisition or beam management as shown above.
Ÿ   FFS whether or not to introduce P_SRS_OFFSET,c
Ÿ   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.
Ÿ   Alt.1: explicit configuration
Ÿ   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
Ÿ   FFS: P_SRS_OFFSET,c
Ÿ   P0_SRS,c
Ÿ   α_SRS,c
Ÿ   ‘k1’ which indicates DL reference RS(s) for PL estimation
ú   FFS if the configuration of ‘k1’ can be optional.
Ÿ   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),
Ÿ   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,
Ÿ   Each SRS resource set is associated with X1 DL reference signal(s) for PL estimation, FFS on if X1 can be more than 1
Ÿ   Maximum number of PL estimates to be maintained by UE is limited to X2, FFS on X2.
Ÿ   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.
Ÿ   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
Ÿ   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 
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