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1. Introduction

This contribution provides a text proposal for UL power control based on following agreements.
Agreement:

Support the following PUSCH power control in NR:
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· For the pathloss measurement RS indication.
· k is indicated by beam indication for PUSCH (if present) 
· A linkage between PUSCH beam indication and k which is index of downlink RS resource for PL measurement is pre-configured via high layer signal
· Only one value k is RRC configured in UE specific way if PUSCH beam indication is not present 
· Value of P_0 is composed by cell specific component and UE specific component
· At least three cell specific component values of P_0 can be configured
· alpha is 1 by default before UE specific configuration
· Candidate values are the same as in LTE
· j can be configured for the following aspects
· grant-based PUSCH, grant-free PUSCH and PUSCH for msg 3
· PUSCH beam indication (if present) for grant-based PUSCH

· FFS: logical channel of PUSCH
· slot sets (if supported)

· Working assumption: for two uplinks of SUL band combination

· If N=2 (number of closed loop process) is configured for UE, l can be configured for the following aspects 
· PUSCH beam indication (if present) for grant-based PUSCH

· slot sets (if supported)

· grant-free PUSCH and grant based PUSCH 
· FFS: logical channel(s) carried by PUSCH
· Working assumption: for two uplinks of SUL band combination

· FFS: whether delta_TF takes into account received SNR target difference between DFT-s-OFDM and CP-OFDM or not.
· Capturing the agreement in the NR specification is up to the editor

Agreement:
· For PUSCH PC, when SRI field is configured, confirm the agreed expression of “PUSCH beam indication (if present)” is the same as “indication by SRI field in UL grant (if present)”, aligning to MIMO agreements at least for grant-based PUSCH.
· FFS: The case where SRI field is not configured
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 assignement, K_PUCCH is the time duration between the downlink assignment and the start of the PUCCH
Agreement:
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· 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 
Agreement
· For SRS power control with independent SRS closed loop process,  i.e.,  the SRS closed loop process not tied with PUSCH, the updating from ‘i-1’ to ‘i’ occurs at the beginning of first SRS resource transmission in the SRS resource set.

· h_SRS,c(i) = fc(i_PUSCH,l)” where updating of fc(i_PUSCH, l) follows that of the corresponding PUSCH power control and the updating of h_SRS,c(i)  from ‘i-1’ to ‘i’ occurs at the beginning of a SRS  resource  transmission and uses the most recent fc(i_PUSCH,l)。
Agreement:

For grant-based PUSCH, when the SRI field is present in the UL grant 

· The mapping between each state of the SRI field and the pathloss reference (k) is directly configured via RRC.

· The mapping between each state of the SRI field and the p0,alpha (j) is directly configured via RRC.

· If N=2 (number of closed loop process) is configured to the UE, the mapping between each state of the SRI field and the PUSCH closed loop process (l) is directly configured via RRC.

· Note: The mappings above are separately configured for SUL and non-SUL

Agreement:

Define RRC parameter SRI-PUSCHPowerControl-Mapping which contains the following, where Ns is the number of valid values for the SRI field in the DCI (as defined in 38.212) 

· SRI-PathlossReferenceIndex-Mapping contains Ns pathloss reference ID values (Note: Maximum of four pathloss reference IDs can be configured) with the first value corresponding to SRI state 0, second value corresponding to SRI state 1 etc.

· SRI-P0AlphaSetIndex-Mapping contains Ns p0-alpha set index values (Note: Maximum of 32 p0-alpha set values can be configured) with the first value corresponding to SRI state 0, second value corresponding to SRI state 1 etc.

· SRI-PUSCHClosedLoopIndex -Mapping contains Ns closed loop index values (Note: Maximum of 2 closed loop index values can be configured) with the first value corresponding to SRI state 0, second value corresponding to SRI state 1 etc.

Note: The RRC parameters above are separately configured for SUL and non-SUL
2. Discussion
2.1. On PUSCH power control
According to current agreement for PUSCH power control, a RRC configured k should be used when no SRI is indicated in UL grant. This can also be used to acquire p0 and alpha when SRI is not present in a UL grant. 

/************************ Start of Text Proposal for 38.213 **************************/
7.1.1
UE behaviour
· For
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, is provided by higher layer parameter p0-nominal-pusch-withgrant for each carrier 
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 of serving cell 
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 values are provided by a set of higher layer parameters  p0-pusch-alpha-set in p0-push-alpha-setconfig and a respective index by higher layer parameter p0alphasetindex for carrier 
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 of serving cell 
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 where the size of the set is 
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 and is indicated by higher layer parameter num-p0-alpha-sets. 

· A higher layer parameter SRI-P0AlphaSetIndex-Mapping, when provided, provides a mapping between a set of values for the SRI field in DCI format 0_1 [5, TS 38.212] and a set of p0alphasetindex values provided by higher layer parameter p0-push-alpha-setconfig. If the PUSCH transmission is scheduled by a DCI format 0_1 and if the DCI format 0_1 includes a SRI field, the UE determines the values of 
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 from the p0alphasetindex value that is mapped to the SRI field value.  
· If the DCI scheduling the PUSCH transmission doesn’t include a SRI field, a higher layer parameter p0alphasetindex-withgrant is used to indicate the value of 
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 from the p0-push-alpha-setconfig.
· For 
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 is provided by higher layer parameter p0alphasetindex in UL-TWG-Type1 or UL-TWG-Type2. For 
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 values are provided by a set of higher layer parameters p0-pusch-alpha-set in p0-push-alpha-setconfig and a respective index by higher layer parameter p0alphasetindex for carrier 
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 of serving cell 
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 where the size of the set is 
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 and is indicated by higher layer parameter num-p0-alpha-sets. 
· 
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is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks for PUSCH transmission period 
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 is defined in [4, TS 38.211]. 
· 
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is a downlink path-loss estimate in dB calculated by the UE using reference signal (RS) resource 
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 for carrier 
[image: image32.wmf]f

 of serving cell 
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, 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 in pusch-pathlossReference-rs-config. 
· A higher layer parameter SRI-PathlossReferenceIndex-Mapping, when provided, provides a mapping between a set of values for the SRI field in DCI format 0_1 and a set of pusch-pathlossreference-index values provided by higher layer parameter pusch-pathlossReference-rs-config. If the PUSCH transmission is scheduled by a DCI format 0_1 and if the DCI format 0_1 includes a SRI field, the UE determines the reference signal (RS) resource 
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 from the value of pusch-pathlossreference-index that is mapped to the SRI field value.  
· If the DCI scheduling the PUSCH transmission doesn’t include a SRI field, a higher layer parameter pathlossreference-rs-withgrant is used to indicate the reference signal (RS) resource 
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 from the pusch-pathlossReference-rs-config.
· For a PUSCH (re)transmission corresponding to a UL-TWG-type1 configuration, a reference signal (RS) resource 
[image: image36.wmf]d

q

 is provided by higher layer parameter UL-TWG-pathlossreference-index. 
/************************ End of Text Proposal for 38.213 **************************/
2.2. On SRS power control
· Issue 1
According to the agreements and description for RRC parameters, the high layer parameter srs-pcadjustment-state-config is applicable only for serving cell c on which the UE is configured with PUSCH. If there is no PUSCH configured in a serving cell, this parameter is not used and separate close-loop power control should be used for SRS.
/************************ Start of Text Proposal for 38.213 **************************/
7.3.1
UE behaviour
· 
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 if the UE is not configured for PUSCH transmissions on carrier 
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 of serving cell 
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, or if higher layer parameter srs-pcadjustment-state-config indicates a separate power control adjustment state between SRS transmissions and PUSCH transmissions and if accumulation is not enabled based on the parameter Accumulation-enabled-srs provided by higher layers, jointly coded with other TPC commands in a PDCCH with DCI format 2_3 having CRC parity bits scrambled by TPC-SRS-RNTI that is last received by the UE prior to the SRS transmission and absolute values of 
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 are provided in Table 7.1.1-1, where

/************************ End of Text Proposal for 38.213 **************************/
· Issue 2
The value of K_SRS is not defined in 38.213. In our understanding, when receiving TPC command in DCI format 2-3,  the UE would apply the TPC command after k slots, and the value of k should be defined in specification. It should be noticed that there may be no triggering for aperiodic SRS transmission in the DCI carrying the TPC command, so the timing for TPC should be decoupled from the triggering offset of aperiodic SRS.
/************************ Start of Text Proposal for 38.213 **************************/
7.3.1
UE behaviour
· 
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 if the UE is not configured for PUSCH transmissions on carrier 
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 of serving cell 
[image: image43.wmf]c

, or if higher layer parameter srs-pcadjustment-state-config indicates a separate power control adjustment state between SRS transmissions and PUSCH transmissions, and if accumulation is enabled based on the parameter Accumulation-enabled-srs provided by higher layers, where 
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 is jointly coded with other TPC commands in a PDCCH with DCI format 2_3 having CRC parity bits scrambled by TPC-SRS-RNTI that is last received by the UE prior to the SRS transmission and accumulative values of 
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· 
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dB if the UE does not detect a TPC command for serving cell 
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· If the UE has reached 
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 of serving cell 
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, positive TPC commands for serving cell 
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 shall not be accumulated.

· If UE has reached minimum power for carrier 
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 of serving cell 
[image: image54.wmf]c

, negative TPC commands shall not be accumulated.

· A UE can reset accumulation for carrier 
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 of serving cell 
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· When 
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[image: image58.wmf]c

f

,

,

SRS

a

 value is changed by higher layers.
· KSRS is the number of slots between the most recent slot the UE receive DCI with TPC command for SRS and the start of the SRS transmission, and the minimal value of KSRS is [TBD].
· 
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 if higher layer parameter srs-pcadjustment-state-config indicates a separate power control adjustment state between SRS transmissions and PUSCH transmissions and if accumulation is not enabled based on the parameter Accumulation-enabled-srs provided by higher layers, jointly coded with other TPC commands in a PDCCH with DCI format 2_3 having CRC parity bits scrambled by TPC-SRS-RNTI that is last received by the UE prior to the SRS transmission and absolute values of 
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· If DCI format 2_3 having CRC scrambled by TPC-SRS-RNTI the 
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 absolute values are given in Table 7.1.1-1. 
· 
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 for a SRS transmission period 
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 where the UE does not detect a DCI format 2_3 having CRC scrambled by TPC-SRS-RNTI for carrier 
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 of serving cell 
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. 
· KSRS is the number of slots between the most recent slot the UE receive DCI with TPC command for SRS and the start of the SRS transmission, and the minimal value of KSRS is [TBD].
/************************ End of Text Proposal for 38.213 **************************/
· Issue 3
The agreements on the updating of i for SRS transmit power are not captured in the specification, which is output of long term discussion in RAN1#91 meeting and is very important to ensure set-specific power control.
/************************ Start of Text Proposal for 38.213 **************************/
7.3.1
UE behaviour
-
If DCI format 2_3 having CRC scrambled by TPC-SRS-RNTI the 
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 for a SRS transmission period 
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 where the UE does not detect a DCI format 2_3 having CRC scrambled by TPC-SRS-RNTI for of serving cell 
[image: image69.wmf]c

. 
-
if higher layer parameter srs-pcadjustment-state-config indicates a same power control adjustment state for SRS transmissions and PUSCH transmissions, the update of SRS transmission period 
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 occurs at the beginning of each SRS resource in the SRS resource set 
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; otherwise, the update of SRS transmission period 
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 occurs at the beginning of the first SRS resource transmission in the SRS resource set 
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/************************ End of Text Proposal for 38.213 **************************/
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