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Foreword

This Technical Specification (TS) has been produced by the 3" Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of this present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where;
x thefirst digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y the second digit isincremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit isincremented when editorial only changes have been incorporated in the document.
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1 Scope

The present document specifies and establishes the characteristics of the physicals layer proceduresin the FDD and
TDD modes of E-UTRA.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

- References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

- For aspecific reference, subsequent revisions do not apply.

- For anon-specific reference, the latest version applies. In the case of areference to a 3GPP document (including
aGSM document), a non-specific reference implicitly refers to the latest version of that document in the same
Release as the present document.

[1] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications'.

[2] 3GPP TS 36.201: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Layer —
Genera Description™.

[3] 3GPP TS 36.211: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and
modulation”.

[4] 3GPP TS 36.212: "Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and
channel coding”.

[5] 3GPP TS 36.214: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer —
Measurements".

[6] 3GPP TS 36.101: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
radio transmission and reception”.

[7] 3GPP TS 36.104: "Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS)
radio transmission and reception”.

[8] 3GPP TS 36.321, "Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access
Control (MAC) protocol specification”.

[9] 3GPP TS 36.423, "Evolved Universal Terrestrial Radio Access (E-UTRA); X2 Application
Protocol (X2AP)".

[10] 3GPP TS 36.133, "Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for
support of radio resource management".

[11] 3GPP TS 36.331, "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource
Control (RRC) protocol specification”.

[12] 3GPP TS 36.306: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
radio access capabilities’.

[13] 3GPP TS 37.213: "Physical layer procedures for shared spectrum channel access'.

[14] 3GPP TS 36.304: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
proceduresin idle mode".

[15] 3GPP TS 38.321: "NR; Medium Access Control (MAC) protocol specification"

[16] 3GPP TS 38.133: "NR; Requirements for support of radio resource management"

[17] 3GPP TS 38.331: "NR; Radio Resource Control (RRC); Protocol specification”
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3 Symbols and abbreviations
3.1 Symbols

For the purposes of the present document, the following symbols apply:

n; System frame number as defined in [3]

ng Slot number within aradio frame as defined in [3]

NC%hS Number of configured cells

Nos Downlink bandwidth configuration, expressed in unitsof N2 as defined in [3]

N5 Uplink bandwidth configuration, expressed in unitsof NZ® as defined in [3]

Nghb Number of SC-FDMA symbolsin an uplink slot as defined in [3]

NSFéB Resource block size in the frequency domain, expressed as a number of subcarriers as defined in
(3l

T, Basic time unit as defined in [3]

3.2 Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply.
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any,
in TR 21.905 [1].

ACK Acknowledgement

AUL Autonomous Uplink

AUL-DF AUL downlink feedback information

BCH Broadcast Channel

CCE Control Channel Element

CDD Cyclic Delay Diversity

CG Cell Group

CIF Carrier Indicator Field

CaQl Channel Quality Indicator

CRC Cyclic Redundancy Check

CRI CSI-RS Resource I ndicator

csl Channel State Information

CSl-IM CSl-interference measurement

DAI Downlink Assignment | ndex

DC Dual Connectivity

DCl Downlink Control Information

DL Downlink

DL-SCH Downlink Shared Channel

DTX Discontinuous Transmission

EDT Early Data Transmission

EN-DC E-UTRA NR Dual Connectivity with MCG using E-UTRA and SCG using NR
EPDCCH Enhanced Physical Downlink Control Channel
EPRE Energy Per Resource Element

MCG Master Cell Group

MCS Modulation and Coding Scheme

NACK Negative Acknowledgement

NE-DC NR E-UTRA Dua Connectivity with MCG using NR and SCG using E-UTRA
NPBCH Narrowband Physical Broadcast CHannel
NPDCCH Narrowband Physical Downlink Control CHannel
NPDSCH Narrowband Physical Downlink Shared CHannel
NPRACH Narrowband Physical Random Access CHannel
NPUSCH Narrowband Physical Uplink Shared CHannel
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NPSS Narrowband Primary Synchronization Signal
NSSS Narrowband Secondary Synchronization Signal
NRS Narrowband Reference Signal
PBCH Physical Broadcast Channel
PCFICH Physical Control Format Indicator Channel
PDCCH Physical Downlink Control Channel
PDSCH Physical Downlink Shared Channel
PHICH Physical Hybrid ARQ Indicator Channel
PMCH Physical Multicast Channel
PMI Precoding Matrix Indicator
PRACH Physical Random Access Channel
PRS Positioning Reference Signal
PRB Physical Resource Block
PSBCH Physical Sidelink Broadcast Channel
PSCCH Physical Sidelink Control Channel
PSCell Primary Secondary cell
PSDCH Physical Sidelink Discovery Channel
PSSCH Physical Sidelink Shared Channel
PSSS Primary Sidelink Synchronisation Signal
PUCCH Physical Uplink Control Channel
PUCCH-SCell PUCCH SCell
PUR Preconfigured Uplink Resource
PUSCH Physical Uplink Shared Channel
PTI Precoding Type Indicator
RBG Resource Block Group
RE Resource Element
RI Rank Indication
RS Reference Signal
RSS Resynchronization Signal
SCG Secondary Cell Group
SINR Signal to Interference plus Noise Ratio
SPS C-RNTI Semi-Persistent Scheduling C-RNTI
SR Scheduling Request
SRS Sounding Reference Symbol
SSSS Secondary Sidelink Synchronisation Signal
TAG Timing Advance Group
TBS Transport Block Size
uUcCl Uplink Control Information
UE User Equipment
UL Uplink
UL-SCH Uplink Shared Channel
VRB Virtual Resource Block
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4 Synchronization procedures
4.1 Cell search

Cell search isthe procedure by which a UE acquires time and frequency synchronization with a cell and detects the
physical layer Cell 1D of that cell. E-UTRA cell search supports a scalable overall transmission bandwidth
corresponding to 6 resource blocks and upwards.

The following signals are transmitted in the downlink to facilitate cell search: the primary and secondary
synchronization signals.

A UE may assume the antenna ports 0 — 3 and the antenna port for the primary/secondary synchronization signals of a
serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift and average delay.

For aBL/CE UE, if the UE is configured with higher layer parameter RSS-Config, the UE can use the resynchronization
signal (as defined in [3]) to re-acquire time and frequency synchronization with the cell.

4.2 Timing synchronization

4.2.1 Radio link monitoring

The downlink radio link quality of the primary cell shall be monitored by the UE for the purpose of indicating out-of -
sync/in-sync status to higher layers.

If the UE is configured with a SCG [11] and the parameter rIf-TimersAndConstantsSCG is provided by the higher layers
and is not set to release, the downlink radio link quality of the PSCell [11] of the SCG shall be monitored by the UE for
the purpose of indicating out-of-sync/in-sync status to higher layers.

In non-DRX mode operation, the physical layer in the UE shall every radio frame assess the radio link quality,
evaluated over the previous time period defined in [10], against thresholds (Qou and Qin) defined by relevant testsin
[10].

In DRX mode operation, the physical layer in the UE shall at least once every DRX period assess the radio link quality,
evaluated over the previous time period defined in [10], against thresholds (Qou and Qin) defined by relevant testsin
[10].

If higher-layer signalling indicates certain subframes for restricted radio link monitoring, the radio link quality shall not
be monitored in any subframe other than those indicated.

The physical layer in the UE shall in radio frames where the radio link quality is assessed indicate out-of-sync to higher
layers when the radio link quality isworse than the threshold Qo When the radio link quality is better than the
threshold Qin, the physical layer in the UE shall in radio frames where the radio link quality is assessed indicate in-sync
to higher layers.

4.2.2 Inter-cell synchronization

No functionality is specified in this subclause in this release.

4.2.3 Transmission timing adjustments

Upon reception of atiming advance command or atiming adjustment indication for a TAG containing the primary cell
or PSCell, the UE shall adjust uplink transmission timing for PUCCH/PUSCH/SRS of the primary cell or PSCell based
on the received timing advance command or a timing adjustment indication.

The UL transmission timing for PUSCH/SRS of a secondary cell isthe same as the primary cell if the secondary cell
and the primary cell belong to the same TAG. If the primary cell in a TAG has aframe structure type 1 and a secondary
cell in the same TAG has a frame structure type 2 or frame structure 3, UE may assume that Nta > 624.

If the UE is configured with a SCG, the UL transmission timing for PUSCH/SRS of a secondary cell other than the
PSCell isthe same as the PSCell if the secondary cell and the PSCell belong to the same TAG.
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Upon reception of atiming advance command or atiming adjustment indication for a TAG not containing the primary
cell or PSCell, if all the serving cellsin the TAG have the same frame structure type, the UE shall adjust uplink
transmission timing for PUSCH/SRS of al the secondary cellsin the TAG based on the received timing advance
command or atiming adjustment indication where the UL transmission timing for PUSCH /SRS is the same for all the
secondary cellsinthe TAG.

Upon reception of atiming advance command or atiming adjustment indication for a TAG not containing the primary
cell or PSCell, if aserving cell in the TAG has a different frame structure type compared to the frame structure type of
another serving cell in the same TAG, the UE shall adjust uplink transmission timing for PUSCH/SRS of all the
secondary cellsin the TAG by using Nraeiiset = 624 regardless of the frame structure type of the serving cells and based
on the received timing advance command or a timing adjustment indication where the UL transmission timing for
PUSCH /SRS isthe same for all the secondary cellsin the TAG. Nryaoiiset 1S described in [3].

The timing adjustment indication specified in [11] indicates the initial Nra used for a TAG.The timing advance
command for a TAG indicates the change of the uplink timing relative to the current uplink timing for the TAG as
multiples of 16 T, . The start timing of the random access preamble is specified in [3].

In case of random access response, an 11-bit timing advance command [8], Ta, for a TAG indicates Nta values by index
valuesof TA=0, 1, 2, ..., 256 if the UE is configured with a SCG, and TA =0, 1, 2, ..., 1282 otherwise, where an amount
of the time alignment for the TAG is given by Nya = Ta x16. Nrais defined in [3].

In other cases, a 6-bit timing advance command [8] or the Timing advance adjustment field in DCI format 6-0A/B if
present [4], Ta, for aTAG indicates adjustment of the current Nya value, Nya o, t0 the new Nra value, Nra new, DY index
valuesof Ta=0, 1, 2,..., 63, where Nranew = Nraod + (Ta —31)x16. Here, adjustment of Nra value by a positive or a
negative amount indicates advancing or delaying the uplink transmission timing for the TAG by a given amount
respectively.

For anon-BL/CE UE, for atiming advance command received on

- subframe n, the corresponding adjustment of the uplink transmission timing shall apply from the beginning of
subframe n+5 if the UE is configured with higher layer parameter shortProcessingTime and the corresponding
PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space, n+6 otherwise.

- dot n, the corresponding adjustment of the uplink transmission timing shall apply from the first subframe
boundary no earlier than ot [n+8].

- subdlot n, the corresponding adjustment of the uplink transmission timing shall apply from the first subframe
boundary no earlier than

- subdlot [n+16] if higher layer parameter proc-TimeAdv-r15= nplusdsetl’.
- subslot [n+18] if higher layer parameter proc-TimeAdv-r15= 'npluséset1'or 'npluséset?’.
- subdlot [n+20Q] if higher layer parameter proc-TimeAdv-r15= nplus8set2'.

For serving cellsin the same TAG, when the UE's uplink PUCCH/PUSCH/SRS transmissions in subframe n and
subframe n+1 are overlapped due to the timing adjustment, the UE shall complete transmission of subframe n and not
transmit the overlapped part of subframe n+1.

For aBL/CE UE, for atiming advance command received on subframe n, the corresponding adjustment of the uplink
transmission timing shall apply for the uplink PUCCH/PUSCH/SRS transmissions in subframe n+6. When the BL/CE
UE's uplink PUCCH/PUSCH/SRS transmissions in subframe n and subframe n+1 are on the same narrowband and are
overlapped due to the timing adjustment, the UE shall complete transmission of subframe n and is not required to
transmit in subframe n+ 1 until the first available symbol that has no overlapping portion with subframe n. When the
BL/CE UE's uplink PUCCH/PUSCH/SRS transmissions in subframe n and subframe n+1 are on different narrowbands,
and the timing adjustment occurs in the guard period for narrowband retuning, the UE is not required to transmit in
subframe n+1 until the first available symbol that has no overlapping portion with subframe n and which does not
reduce the guard period.

If the received downlink timing changes and is not compensated or is only partly compensated by the uplink timing
adjustment without timing advance command as specified in [10], the UE changes Nra accordingly.
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4.3 Timing for Secondary Cell Activation / Deactivation

When a UE receives an activation command [8] for a secondary cell in subframe n, the corresponding actionsin [8]
shall be applied no later than the minimum requirement defined in [10] and no earlier than subframe n+8, except for the
following:

- theactionsrelated to CSI reporting on a serving cell which is active in subframe n+8

- theactionsrelated to the sCellDeactivationTimer associated with the secondary cell [8]
which shall be applied in subframe n+8.

- theactionsrelated to CSI reporting on a serving cell which is not active in subframe n+8
which shall be applied in the earliest subframe after n+8 in which the serving cell is active.

When a UE receives an RRC configuration which configures secondary cell as activated [11] in subframe n, the
corresponding actionsin [8] shall be applied no later than the minimum requirement defined in [10] and no earlier than
subframe n+ 20, except for the following:

- theactions related to CSI reporting on a serving cell which is active in subframe n+20

- theactionsrelated to the sCellDeactivationTimer associated with the secondary cell [8]
which shall be applied in subframe n+ 20.

- theactionsrelated to CSl reporting on a serving cell which is not active in subframe n+20
which shall be applied in the earliest subframe after n+20 in which the serving cell is active.

If a UE has been configured with cqi-ShortPeriodicSCell for a secondary cell, parameters cqi-pmi-Configlndex and ri-
Configlndex in clause 7.2 are given by cqi-ShortPeriodicSCell from subframe n+8 until subframe n+34.

When a UE receives a deactivation command [8] for a secondary cell or the sCellDeactivationTimer associated with the
secondary cell expiresin subframe n, the corresponding actionsin [8] shall apply no later than the minimum
requirement defined in [10], except for the actions related to CSI reporting on a serving cell which is active which shall
be applied in subframe n+8.

ETSI



3GPP TS 36.213 version 16.2.0 Release 16 15 ETSI TS 136 213 V16.2.0 (2020-09)

5 Power control

Downlink power control determines the Energy Per Resource Element (EPRE). The term resource element energy
denotes the energy prior to CP insertion. The term resource element energy al so denotes the average energy taken over
all constellation points for the modulation scheme applied. Uplink power control determines the average power over a
SC-FDMA symbol in which the physical channel is transmitted.

5.1 Uplink power control

If the UE is configured with shortTTIl, PUCCH in this clause refers to SPUCCH defined in [3] if the HARQ-ACK is
sent in response to PDSCH scheduled by DCI format 7-1A/1B/1C/1D/1E/1F/1G or if the scheduling request is sent on
resources configured by higher layer parameter sr-SotSPUCCH-IndexFH or sr-SotSPUCCH-IndexNoFH or sr-
subS otSPUCCH-Resour ce for slot/subsl ot-based transmissions, unless otherwise noted.

If the UE is not configured with shortTTI or the UE is configured with shortTTI, and UCI isto be transmitted in a
subframe, the term 'subframe/d ot/subslot’ or ‘subframe/sot’ refers to a subframe in this clause.

If the UE is configured with shortTTl, and UCI isto be transmitted in a slot, the term 'subframe/slot/subslot’ or
'slot/subslot’ or 'subframe/slot’ refersto adlot in this clause.

If the UE is configured with shortTTI, and UCI isto be transmitted in a subslot, the term 'subframe/slot/subslot’ or
'slot/subslot’ refersto a subslot in this clause.

Throughout this subclause,

- if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH with
CRC scrambled by C-RNTI isin the UE-specific search space, k, =3, otherwise k,=4.

- if the UE is configured with higher layer parameter shortTTI and the corresponding PDCCH/SPDCCH with DCI
format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G is detected in a subdot, if the UE is configured for subslot uplink

transmissions, X, isgiven by higher layer parameter proc-TimeAdv from {4,6,8}, otherwise X o =4.

Uplink power control controls the transmit power of the different uplink physical channels.

If aUE is configured with a LAA SCell for uplink transmissions, the UE shall apply the procedures described for
PUSCH and SRS in this clause assuming frame structure type 1 for the LAA SCell unless stated otherwise.

For a UE configured with EN-DC/NE-DC and serving cell frame structure type 1, if the UE is configured with
subframeAssignment-r 15 for the serving cell, the UE is not expected to transmit any uplink physical channel or signal in
the serving cell on subframes other than offset-UL subframes, where the offset-UL subframes are determined by
applying an offset value given by harg-Offset-r 15 to the subframes denoted as uplink in the UL/DL configuration
subframeAssignment-r 15.

For a UE configured with EN-DC, if the UE is configured with subframeAssignment-r16 for a serving cell, and if the
UE indicates a capability semi-staticUL Transl nAll Subframe (as specified in [11]), the UE transmits any uplink physical
channel or signal without associated DCI if configured, in the serving cell on any uplink subframes. Otherwise, if the
UE is configured with subframeAssignment-r16 for the serving cell and if the UE does not indicate a capability semi-
staticUL Transl nAll Subframe, the UE is not expected to transmit any uplink physical channel or signal

without associated DCI except for PRACH in the serving cell on subframes other than offset-UL subframes, where the
offset-UL subframes are determined by applying an offset value given by harg-Offset-r 16 to the subframes denoted as
uplink in the UL/DL configuration subframeAssignment-r16.

For PUSCH, the transmit power ISPUSCH,C(i) defined in Subclause 5.1.1, isfirst scaled by the ratio of the number of

antennas ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission
scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is
transmitted.

For PUCCH or SRS, the transmit power Poccp (i) , defined in Subclause 5.1.1.1, or ISSRS,c(i) is split equally across
the configured antenna ports for PUCCH or SRS. ISSRS,c(i) isthe linear value of Psgg (i) defined in Subclause 5.1.3.
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A cell wide overload indicator (Ol) and a High Interference Indicator (HI1) to control UL interference are defined in [9].

For a serving cell with frame structure type 1, a UE is not expected to be configured with
UplinkPower Control Dedicated-v12x0.

51.1 Physical uplink shared channel
If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

- When the procedures are applied for MCG, the terms 'secondary cell’, 'secondary cells', 'serving cell’, 'serving
cells in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.

- When the procedures are applied for SCG, the terms 'secondary cell', 'secondary cells), 'serving cell', 'serving
cells in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. The term 'primary cell' in this clause refers to the PSCell of the SCG.

If the UE is configured with a PUCCH-SCéll, the UE shall apply the procedures described in this clause for both
primary PUCCH group and secondary PUCCH group

- When the procedures are applied for primary PUCCH group, the terms 'secondary cell’, ‘'secondary cells',
'serving cell’, 'serving cells' in this clause refer to secondary cell, secondary cells, serving cell, serving cells
belonging to the primary PUCCH group respectively.

- When the procedures are applied for secondary PUCCH group, the terms 'secondary cell’, ‘secondary cells,
‘serving cell’, 'serving cells in this clause refer to secondary cell, secondary cells, serving cell, serving cells
belonging to the secondary PUCCH group respectively.

For PUSCH (re)transmissions corresponding to ul-Configlnfo-r14, the UE shall apply the procedures corresponding to
PUSCH (re)transmission corresponding to the random access response grant.

5111 UE behaviour

The setting of the UE Transmit power for a Physical Uplink Shared Channel (PUSCH) transmission is defined as
follows.

If the UE transmits PUSCH without a simultaneous PUCCH for the serving cell ¢, then the UE transmit power
Prusch, (i) for PUSCH transmission in subframe/slot/subslot i for the serving cell cis given by

Pemax ¢ (i),
1010910(M pysch,c (1)) + Po_pusch,c(1) + ac (i) - Ple + Atp c (i) + fe (i)

} [dBm]

Peusch,c(i) = min{

If the UE transmits PUSCH simultaneous with PUCCH for the serving cell ¢, then the UE transmit power
Prusch c(i) for the PUSCH transmission in subframe/slot/subglot i for the serving cell ¢ isgiven by

. . 1O|0910(F3CMAX,c(i) - FA)PUCCH(D)*
P (i)=min _ _ _ _ ¢ [dBm]
PUSCH ¢ {ml 0910(M puscrc()) + Po_puscrc(i) + @ (i) Ple + Aec(i) + fe(i)

If the UE is not transmitting PUSCH for the serving cell ¢, for the accumulation of TPC command received with DCI
format 3/3A for PUSCH, the UE shall assume that the UE transmit power Ppygcp (i) for the PUSCH transmissionin

subframei for the serving cell ¢ iscomputed by
Pouschc () = min{PCMAX,c (1), Po_puscrc W+ (D) - PL + fo(i) } [dBm]
where,

- Pemax c(i) isthe configured UE transmit power defined in [6] in subframe/slot/subdlot i for serving cell ¢ and

ISCMAXp(i) isthelinear value of Peyax (i) - If the UE transmits PUCCH without PUSCH in subframe i for
the serving cell ¢, for the accumulation of TPC command received with DCI format 3/3A for PUSCH, the UE
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shall assume Peyax (i) asgiven by Subclause 5.1.2.1. If the UE does not transmit PUCCH and PUSCH in

subframe i for the serving cell c, for the accumulation of TPC command received with DCI format 3/3A for
PUSCH, the UE shall compute Pryax ¢(i) assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and ATc =0dB,

where MPR, A-MPR, P-MPR and ATc are defined in [6].
- Poyccen (i) isthelinear value of Poyccp (i) defined in Subclause 5.1.2.1

- If the UE isaBL/CE UE configured with higher layer parameter ce-PUSCH-SubPRB-Config-r15, and the
PUSCH resource assignment valid for subframei and serving cell c¢isusing uplink resource allocation type 5,
M pysch ¢ (i) is the bandwidth of the PUSCH resource assignment expressed in fraction of aresource block and

isgivenby M e (i) =(ME’ +Q, —2)/NE® where MZ”, N aredefinedin[3] and Q,is defined

in Subclause 8.6.1 for subframei, M pygcp ¢ (i) is the bandwidth of the PUSCH resource assignment expressed
in number of resource blocks valid for subframe/slot/subslot i and serving cell ¢ otherwise.

- If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell ¢
and if subframe i belongs to uplink power control subframe set 2 as indicated by the higher layer parameter
tpc-SubframeSet-ri2,

- whenj=0, R pyscric(0) = Fo_ue_puscre2(0) + Fo nominaL_puscric2 (0) » where =0 is used for PUSCH

(re)transmissions corresponding to a semi-persistent grant. Py ¢ pyscric2(0) and Py yominar puscrc2(0)
are the parameters p0-UE-PUSCH-Persi stent- SubframeSet2-r12 and pO-Nominal PUSCH-Persistent -

SubframeSet2-r12 respectively provided by higher layers, for each serving cell c.
- whenj=1, By pyscic(D) = Fo_ue_puscrea (D + Fo_nomivac_puscric2 (1) - wherej=1is used for PUSCH
(re)transmissions corresponding to adynamic scheduled grant. PO_UE_PUSCH’QZ(l) and

o NominaL_pusch.c.2 (1) are the parameters p0-UE-PUSCH-SubframeSet2-r12 and p0-Nominal PUSCH-
SubframeSet2-r12 respectively, provided by higher layers for serving cell c.

- Wwhenj=2, PO_PUSCH,c (2)= PO_UE_PUSCH,C(Z) + PO_NOMINAL_PUSCH,C (2) where PO_UE_PUSCH,C (2)=0 and
PO_NOMINAL_PUSCH,C (2= PO_PRE + ApreaveLe _msg3 » Where the parameter
preamblelnitial ReceivedTar getPower [8] (P pre) and Appeavpie msgs € Signalled from higher layers
for serving cell ¢, where j=2 isused for PUSCH (re)transmissions corresponding to the random access
response grant.

Otherwise

- Po_pusch,c(]) isaparameter composed of the sum of acomponent P nominaL_ puscH,c(J) Pprovided
from higher layersfor j=0, 1 and 3 and acomponent P e pysch ¢ (j) Provided by higher layers for j=0,

1 and 3 for serving cell ¢ . For PUSCH (re)transmissions corresponding to a semi-persistent grant then j=0,
for PUSCH (re)transmissions corresponding to a dynamic scheduled grant then j=1, for PUSCH
(re)transmissions corresponding to the random access response grant then j=2 and for BL/CE UE PUSCH
(re)transmission using preconfigured uplink resource then j=3. P ye pyuscH ¢(2) =0 and

Po NoMINAL_PuscH,c(2) = Po pre + ApReaMBLE _Msy3» Where the parameter
preambl el nitial ReceivedTar getPower [8] ( PO_PRE) and Apgeaviie w3 € Signalled from higher layers
for serving cell c.

- If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell ¢
and if subframe i belongsto uplink power control subframe set 2 as indicated by the higher layer parameter
tpc-SubframeSet-ri2,

- Forj=0orl, «(j)=a,,€ {O, 0.4,0.5,0.6,0.7,0.8,0.9, 1}. o, , isthe parameter alpha-
SubframeSet2-r12 provided by higher layers for each serving cell c.
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- Forj=2, o (j)=1.
Elseif the UE is configured with higher layer parameter UplinkPower Control Dedicated-v15x0 for serving cell c,

- Forj=0or1, e(j)=auee{0,04,05060708091}. o, istheparameter alpha-UE-r15
provided by higher layers for each serving cell c.

- Forj=2, o (])=1.
Otherwise

- Forj=0or1, o€ {0,04,0506 07038, 091} isa3-bit parameter provided by higher layers for
serving cell c. Forj=2, e.(j)=1 Forj=3, ,(]) istheparameter pur-PUSCH-power-control-alpha
provided by higher layers for serving cell C.

PL. isthe downlink path loss estimate calculated in the UE for serving cell ¢ indBand PL; =

referenceS gnal Power — higher layer filtered RSRP, where referenceSignalPower is provided by higher layers
and RSRP is defined in [5] for the reference serving cell and the higher layer filter configuration is defined in
[11] for the reference serving cell.

- Ifservingcell ¢ belongsto a TAG containing the primary cell then, for the uplink of the primary cell, the
primary cell is used as the reference serving cell for determining referenceSignal Power and higher layer
filtered RSRP. For the uplink of the secondary cell, the serving cell configured by the higher layer parameter
pathl ossReferencelLinking defined in [11] is used as the reference serving cell for determining
referenceS gnalPower and higher layer filtered RSRP.

- If servingcell ¢ belongsto a TAG containing the PSCell then, for the uplink of the PSCell, the PSCell is
used as the reference serving cell for determining referenceSignalPower and higher layer filtered RSRP; for
the uplink of the secondary cell other than PSCell, the serving cell configured by the higher layer parameter
pathl ossReferencelLinking defined in [11] is used as the reference serving cell for determining
referenceSgnalPower and higher layer filtered RSRP.

- Ifservingcell ¢ belongsto a TAG not containing the primary cell or PSCell then serving cell ¢ isused as
the reference serving cell for determining referenceSignalPower and higher layer filtered RSRP.

ATF,C(i)=1OIog10((ZBPRE'KS—1)- OF;@CH) for Kg=1.25and0for Kg=0where Kg isgiven by the

parameter deltaMCS-Enabled provided by higher layers for each serving cell ¢. BPRE and ﬁOF;f%SICH , for
each serving cell ¢, are computed asbelow. Kg =0 for transmission mode 2.

- BPRE =Ocq / Ngg for control data sent via subframe-PUSCH without UL-SCH data or slot/sublot-PUSCH
without UL-SCH dataif the UE is configured with a higher layer parameter uplinkPower-CS Payload,
BPRE=0Og,, / Nge and Oug = max{Oq, g} with Ocoi  defined as the number of CQI/PMI bits

including CRC for agiven RI value for dot/subslot-PUSCH without UL-SCH dataif the UE is not
c-1
configured with a higher layer parameter uplinkPower-CS Payload, and BPRE= Z K, /Ngg for other

r=0
cases.

- Wwhere C isthenumber of code blocks, K, isthesizefor codeblock r, Ocg isthe number of
CQI/PMI bitsincluding CRC bitsand Ny isthe number of resource elements determined as
Npg = M BUSCH el PUSCH-initial \yhere ¢, K, M2/ ang NS are defined in

symb
[4].

- B = g2 for control data sent via PUSCH without UL-SCH dataand 1 for other cases.

Ol
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OpuscH,c Isacorrection value, aso referred to asa TPC command and is included in PDCCH/EPDCCH with

DCI format 0/0A/0B/OC/4/4A/4B or in PDCCH/SPDCCH with DCI format 7-0A/7-0B or in MPDCCH with
DCI format 6-0A for serving cell c or jointly coded with other TPC commandsin PDCCH/MPDCCH with DCI
format 3/3A whose CRC parity bits are scrambled with TPC-PUSCH-RNTI. If the UE is configured with higher
layer parameter UplinkPower Control Dedicated-v12x0 for serving cell ¢ and if subframe i belongsto uplink
power control subframe set 2 as indicated by the higher layer parameter tpc-SubframeSet-r12, the current

PUSCH power control adjustment state for serving cell cisgivenby f_,(i),andthe UE shall use f_, (i)
instead of f(i) to determine Ppysch (i) - Otherwise, the current PUSCH power control adjustment state for

serving cell cisgivenby f.(i) . If the UE is configured with multiple UL SPS configurations, é},usc“,clx isa

correction value, aso referred to asa TPC command and is jointly coded with other TPC commandsin PDCCH
with DCI format 3/3A whose CRC parity bits are scrambled with TPC-PUSCH-RNTI, where x is SPS

Configindex-r14, and f_,(i) and f.(i) arereplacedby f_, (i) and f_, (i), respectively.

- fc(l) = fc(l —1) + 5PUSCH,C(i — KPUSCH) and fc2(|) = fC,Z(i —1) + §PUSCH,C(i - KPUSCH) if accumulation
is enabled based on the parameter Accumulation-enabled or accumulationEnabledsTTI provided by higher
layers or if the TPC command dpyscH ¢ isincluded ina PDCCH/EPDCCH with DCI format 0 or ina

MPDCCH with DCI format 6-0A for serving cell ¢ where the CRC is scrambled by the Temporary C-RNTI
or PUR C-RNTI

- fc,x(i) = fc,x(i - 1) + 5PUSCH,c,x (I - KPUSCH) and fc,z,x(i) = fc,2,>( (i _1) + 5PUSCH,c,x (i - KPUSCH) if
accumulation is enabled based on the parameter Accumulation-enabled or accumulationEnabledsTTI
provided by higher layers and if the TPC command Opyscyc, iSincluded inaPDCCH with DCI format

3/3A whose CRC parity bits are scrambled by TPC-PUSCH-RNTI and if the UE is configured with multiple
UL SPS configurations.

- where dpysch ¢ (i — Kpysch ) Was signalled on PDCCH/EPDCCH with DCI format

0/0A/0B/0C/4/4A/4B or PDCCH/SPDCCH with DCI format 7-0A/7-0B or MPDCCH with DCI format 6-
0A or PDCCH/MPDCCH with DCI format 3/3A on subframe/slot/subslot i — Kpygy » @nd where f(0)

isthe first value after reset of accumulation. For a BL/CE UE configured with CEModeA, subframe
i —Kpysey  iSthelast subframe in which the MPDCCH with DCI format 6-0A or MPDCCH with DCI

format 3/3A is transmitted.

- Thevalueof Kpygy IS
- For FDD or FDD-TDD and serving cell frame structure type 1

- if the UE is configured with higher layer parameter shortTTI and the TPC command 5PUSCH’C is

included in aPDCCH/ SPDCCH with DCI format 7-0A/7-0B and for PUSCH transmissionsin a
subdlot, Kpygy = X,

- the UE is configured with higher layer parameters dI-STTI-Length="subdlot' and ul-STTI-
Length="dlot' and the TPC command 5PUSK:H,C isincluded in a PDCCH/ SPDCCH with DCI

format 7-0A/7-0B and for PUSCH transmissionsin aslot, 1 — Ko, corresponds to:

- asubdot among subslot 4 or 5 of subframe N-3 or subslot 0 of subframe N-2 in which the UE
has received the TPC command if the slot PUSCH is to be transmitted in slot O of subframe N. A
UE is not expected to receive TPC command in more than one subslot among subslot 4 or 5 of
subframe N-3 or subdlot 0 of subframe N-2 corresponding to slot-PUSCH transmission in slot O of
subframe N.

- asubdot among subslot 1 or 2 or 3 of subframe N-2 in which the UE has received the TPC
command if the slot-PUSCH isto be transmitted in slot 1 of subframe N. A UE is not expected to
receive TPC command in more than one subslot among subslot 1 or 2 or 3 of subframe N-2
corresponding to slot-PUSCH transmission in slot 1of subframe N.
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- if the UE is configured with higher layer parameter shortProcessingTime and the corresponding
PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space, Kpjocy =3

- otherwise, Kpygyy =4 (inunit of dotsfor slot-PUSCH and the TPC command 5PUSCH’C is

included in aPDCCH/ SPDCCH with DCI format 7-0A/7-0B, and in units of subframe for
subframe-PUSCH and for slot/subslot-PUSCH with a TPC command dpysc ¢ provided in the
PDCCH with DCI format 3/3A).
- For TDD, if the UE is configured with more than one serving cell and the TDD UL/DL configuration
of at least two configured serving cellsis not the same, or if the UE is configured with the parameter
EIMTA-MainConfigServCell-r12 for at least one serving cell, or for FDD-TDD and serving cell frame

structure type 2, the"TDD UL/DL configuration” refersto the UL-reference UL/DL configuration
(defined in Subclause 8.0) for serving cell c.

- For TDD UL/DL configurations 1-6 and UE not configured with higher layer parameter symPUSCH-

UpPts-r14 for the serving cell ¢, Keusen isgiven

- inTable5.1.1.1-1A if the UE is configured with higher layer parameter shortProcessingTime and
the corresponding PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space for
subframe-PUSCH transmissions,

- inTable5.1.1.1-1B for special subframe configuration 1, 2, 3, 4, 6, 7,8 and Table 5.1.1.1-1C for
specia subframe configuration 0, 5, 9 if the UE is configured with higher layer parameter shortTTI

and the TPC command é‘PUSCH'C isincluded in a PDCCH/ SPDCCH with DCI format 7-0A/7-0B,
and for uplink transmissionsin aslot,

- by Kpygey =95 if the dot-PUSCH transmission in slot 15 or 16 is scheduled with a
PDCCH/SPDCCH with DCI format 7-0A/7-0B in which the LSB of the UL index isset to 1 for
TDD UL/DL configuration 6 and special subframe configuration 0, 5, 9,

- inTable5.1.1.1-1 otherwise.

- For TDD UL/DL configuration 0 and UE not configured with higher layer parameter symPUSCH-
UpPts-ri4 for the serving cell c.

- If the subframe-PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH/EPDCCH of
DCI format 0/4 or aMPDCCH of DCI format 6-0A in which the LSB of the UL index issetto 1,

Kpusc =7

- For slot-PUSCH transmissions, K« isgiven by Table 5.1.1.1-1B for specia subframe
configuration 1, 2, 3,4, 6, 7, 8 and Table 5.1.1.1-1C for specia subframe configuration 0, 5, 9 if
the TPC command 5PUSCH'C isincluded in a PDCCH/ SPDCCH with DCI format 7-0A/7-0B. If

the TPC command 5PUSCH,C is provided in the PDCCH with DCI format 3/3A, KPUSCH is
givenin Table5.1.1.1-1.

- For al other subframe-PUSCH transmissions, K, isgivenin Table5.1.1.1-1A if the UE is

configured with shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-
RNTI isin the UE-specific search space, otherwise Table 5.1.1.1-1.

- For TDD UL/DL configurations 0-5 and UE configured with higher layer parameter symPUSCH-
UpPts-r14 for the serving cell ¢, Kpuser is givenin

- Table5.1.1.1-4A if the UE is configured with shortProcessingTime and the corresponding
PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space,

- Table5.1.1.1-4B for slot-PUSCH transmissions if the TPC command §PUSCH’C isincludedin a
PDCCH/ SPDCCH with DCI format 7-0A/7-0B,
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- Table5.1.1.1-4 otherwise.

- For TDD UL/DL configuration 6 and UE configured with higher layer parameter symPUSCH-UpPts-
r14 for the serving cell ¢

- If the subframe-PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH/EPDCCH
of DCI format 0/4 if the UE is not configured with higher layer parameter shortProcessingTime
or if the UE is configured with higher layer parameter shortProcessingTime and the
corresponding PDCCH with CRC scrambled by C-RNTI isin the common search space in which
the LSB of theUL index issetto 1, Kpygey =6

- For all other PUSCH transmissions, Koy isgivenin

- Table5.1.1.1-4A if the UE is configured with shortProcessingTime and the corresponding
PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space,

- Table5.1.1.1-4B for slot-PUSCH transmissions if the TPC command Op gy isincludedina
PDCCH/ SPDCCH with DCI format 7-0A/7-0B,

- Tableb5.1.1.1-4 otherwise.

- For aserving cell with frame structure type 3,

For an uplink DCI format 0A/4A carrying AUL-DFI according to subclause 8.3A, Ky oy =4

- For an uplink DCI format 0A/OB/OC/4A/4B with CRC scrambled by C-RNTI with PUSCH trigger
A setto 0, Kp gy isequal to k+l, wherek and | are defined in in Subclause 8.0.

- For an uplink DCI format 0A/OB/OC/4A/4B with CRC scrambled by C-RNTI with PUSCH trigger
A set to 1 and upon the detection of PDCCH with CRC scrambled by CC-RNTI and with "PUSCH
trigger B' field set to '1' described in Subclause 8.0, Kp,gy isequal to p+k+l, wherep, kand | are

defined in Subclause 8.0.

If a UE detected multiple TPC commands in subframe i — Kpgy , the UE shall use the TPC

command in the PDCCH/EPDCCH with DCI format 0A/0B/0C/4A/4B with CRC scrambled by
C-RNTI which schedules PUSCH transmission in subframei.

- For serving cell ¢ and anon-BL/CE UE, the UE attempts to decode a PDCCH/EPDCCH of DCI format
0/0A/0B/0C/4/4A/4B or aPDCCH/SPDCCH of DCI format 7-0A/7-0B with the UE's C-RNTI or a
PDCCH/EPDCCH of DCI format O for SPS C-RNTI or a PDCCH/SPDCCH of DCI format 7-0A/7-0B
for SPS C-RNTI or aPDCCH/EPDCCH of DCI format 0 for UL-SPS-V-RNTI and a PDCCH of DCI
format 3/3A with this UE's TPC-PUSCH-RNTI in every subframe except when in DRX or where serving
cell c isdeactivated.

- Forserving cell ¢ and aBL/CE UE configured with CEModeA, the UE attempts to decode a MPDCCH
of DCI format 6-0A with the UE's C-RNTI or SPS C-RNTI or PUR C-RNTI and aMPDCCH of DCI
format 3/3A with this UE's TPC-PUSCH-RNTI in every BL/CE downlink subframe except whenin DRX

- For anon-BL/CE UE and for subframe PUSCH transmissions, if DCI format 0/0A/0B/0C/4/4A/4B for
serving cell ¢ and DCI format 3/3A are both detected in the same subframe, then the UE shall use the
OpyscH,c Provided in DCI format 0/0A/OB/0C/4/4A/4B.

- For dot/subslot-PUSCH transmissions corresponding to a PDCCH/SPDCCH with DCI format 7-0A/7-0B
with the UE's C-RNTI for serving cell ¢, the UE shall usethe dpysc, ¢ provided in DCI format 7-0A/7-

0B

- For serving cell ¢ and dot/subsglot-PUSCH transmissions without a corresponding PDCCH/SPDCCH in
dot/subglot i of subframe |, the UE shall use the TPC command provided in the PDCCH with DCI format

3/3A received in a subframe not later than subframe | — K, o, when configured by higher layer
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parameter tpc-PDCCH-ConfigPUSCH-SPSfor the serving cell ¢ and for the corresponding SPS
Configlndex-r14 if the UE is configured with multiple UL SPS configurations.

- For aBL/CE UE configured with CEModeA, if DCI format 6-0A for serving cell ¢ and DCI format 3/3A
are both detected in the same subframe, then the UE shall usethe dpyscy ¢ provided in DCI format 6-

OA.

- OpyscH,c = 0dB for asubframe/slot/subsiot where no TPC command is decoded for serving cell ¢ or

where DRX occursor i isnot an uplink subframe/slot/subslot in TDD or FDD-TDD and serving cell ¢
frame structure type 2.

- OpyscH,c = 0dB for subframe-PUSCH transmissionsiif the subframe i is not the first subframe scheduled
by a PDCCH/EPDCCH of DCI format 0B/4B.

- The dpyscH dB accumulated values signalled on PDCCH/EPDCCH with DCI format

0/0A/0B/0C/4/4A/4B or PDCCH/SPDCCH with DCI format 7-0A/7-0B or MPDCCH with DCI format 6-
OA aregivenin Table 5.1.1.1-2. |f the PDCCH/EPDCCH with DCI format 0 or PDCCH/SPDCCH with
DCI format 7-0A/7-0B or MPDCCH with DCI format 6-0A or PDCCH/SPDCCH with DCI format 7-
OA/7-0B isvalidated as a SPS activation or release PDCCH/EPDCCH/MPDCCH/SPDCCH, then
5PUSCH,C isOdB.

- The Jp gy 0B accumulated values signalled on PDCCH/MPDCCH with DCI format 3/3A are one of

SET1givenin Table5.1.1.1-2 or SET2 given in Table 5.1.1.1-3 as determined by the parameter TPC-
Index provided by higher layers.

- If UE hasreached Poyax (i) for serving cell c, positive TPC commands for serving cell ¢ shall not
be accumulated

- If UE has reached minimum power, negative TPC commands shall not be accumulated

- For serving cell €, when the UE is configured with higher layer parameter shortTTI or when thereis
achange in configuration corresponding to the higher layer parameter shortTTI, f (0) for thefirst

following PUSCH transmission in aslot or subslot in a given subframe is set to the value of ()
associated with PUSCH of the previous uplink subframe.

- If the UE isnot configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving
cell ¢, the UE shall reset accumulation

- Forserving cell ¢, when Pg yg pyscH,c vaueischanged by higher layers

- For serving cell ¢, when the UE receives random access response message for serving cell ¢

- For serving cell ¢, and BL/CE UE configured with CEModeA, when the UE performs PUSCH
transmission using preconfigured uplink resource

- If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell
C ’

- the UE shall reset accumulation correspondingto f.(*) for serving cell ¢
- when Pg yg puscH,c Vaueischanged by higher layers
- when the UE receives random access response message for serving cell ¢

- the UE shall reset accumulation correspondingto f_,(*) for servingcell ¢

- when Ry (g pyscrco Valueischanged by higher layers
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- If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v15x0 for serving cell
C, the UE shall reset accumulation corresponding to f.(+) for serving cell ¢

- when o e vaueischanged by higher layers

- If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell
C and

- if subframe i belongsto uplink power control subframe set 2 as indicated by the higher layer
parameter tpc-SubframeSet-r12 f (i) = f (i —1)

- if subframe i doesnot belong to uplink power control subframe set 2 as indicated by the higher layer
parameter tpc-SubframeSet-r1i2 f_,(i) = f_,(i—1)

- fe(i) = Spuschci — Kpusch) and f ,(i) = Opysonc(i = Kpusen) if accumulation is not enabled for

serving cell ¢ based on the parameter Accumulation-enabled or accumulationEnabledsTT! provided by
higher layers

- where dpyscH ¢ (i — Kpyscn ) Was signalled on PDCCH/EPDCCH with DCI format
0/0OA/0B/0C/4/4A/4B or PDCCH/SPDCCH with DCI format 7-0A/7-0B or MPDCCH with DCI format 6-
OA for serving cell ¢ onsubframe i —Kpygyy . For aBL/CE UE configured with CEModeA, subframe
i —Kpysey  iSthelast subframe in which the MPDCCH with DCI format 6-0A or MPDCCH with DCI
format 3/3A is transmitted.

- Thevalueof Kpjgy IS

- For FDD or FDD-TDD and serving cell frame structure type 1

- if the UE is configured with higher layer parameter shortTTI and for PUSCH transmissionsin a
subdot, Koy = X,

- the UE is configured with higher layer parameters di-STTI-Length="subslot' and ul-STTI-
Length="dot' and for PUSCH transmissionsin adot, | —Kp gy, correspondsto:

- asubsot among subslot 4 or 5 of subframe N-3 or subslot 0 of subframe N-2 in which the UE
has received the TPC command if the slot- PUSCH isto be transmitted in slot 0 of subframe
N. A UE is not expected to receive TPC command in more than one subslot among subsiot 4
or 5 of subframe N-3 or subslot 0 of subframe N-2 corresponding to slot-PUSCH transmission
in dot O of subframe N.

- asubslot among subslot 1 or 2 or 3 of subframe N-2 in which the UE has received the TPC
command if the dot-PUSCH isto be transmitted in slot 1 of subframe N. A UE is not expected
to receive TPC command in more than one subslot among subslot 1 or 2 or 3 of subframe N-2
corresponding to slot-PUSCH transmission in slot 1of subframe N.

- if configured with higher layer parameter shortProcessingTime and the corresponding PDCCH
with CRC scrambled by C-RNTI isin the UE-specific search space, Kpjgey =3

- For TDD, if the UE is configured with more than one serving cell and the TDD UL/DL configuration
of at least two configured serving cellsis not the same, or if the UE is configured with the parameter
EIMTA-MainConfigServCell-r12 for at least one serving cell, or FDD-TDD and serving cell frame
structure type 2, the "TDD UL/DL configuration” refers to the UL-reference UL/DL configuration
(defined in Subclause 8.0) for serving cell c.

- For TDD UL/DL configurations 1-6 and UE not configured with higher layer parameter symPUSCH-
UpPts-r14 for the serving cell ¢, Kpygey isgiven
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in Table 5.1.1.1-1A if the UE is configured with shortProcessingTime and the corresponding
PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space for subframe-PUSCH
transmissions,

in Table5.1.1.1-1B for special subframe configuration 1, 2, 3, 4, 6, 7, 8 and Table 5.1.1.1-1C for
special subframe configuration 0, 5, 9 if the UE is configured with higher layer parameter sTTI,
and for uplink transmissionsin aslot,

by Kpysey =9 if the slot-PUSCH transmission in slot 15 or 16 is scheduled with a

PDCCH/SPDCCH with DCI format 7-0A/7-0B in which the LSB of the UL index isset to 1 for
TDD UL/DL configuration 6 and special subframe configuration 0, 5, 9,

in Table 5.1.1.1-1 otherwise.

- For TDD UL/DL configuration 0 and UE not configured with higher layer parameter symPUSCH-
UpPts-r14 for the serving cell c.

If the subframe-PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH/EPDCCH of
DCI format 0/4 or aMPDCCH with DCI format 6-0A in which the LSB of the UL index is set to
1 Kpysch =7

For slot-PUSCH transmissions, K, isgiven by Table 5.1.1.1-1B for specia subframe
configuration 1, 2, 3,4, 6, 7, 8and Table 5.1.1.1-1C for specia subframe configuration 0, 5, 9.

For all other PUSCH transmissions, Ko isgivenin Table5.1.1.1-1A if the UE is configured

with shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI isin
the UE-specific search space, Table5.1.1.1-1 otherwise.

- For TDD UL/DL configurations 0-5 and UE configured with higher layer parameter symPUSCH-
UpPts-r14 for theserving cell ¢, Kpyoy isgivenin

Table 5.1.1.1-4A if the UE is configured with shortProcessingTime and the corresponding
PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space,

Table5.1.1.1-4B for dot-PUSCH transmissions,

Table 5.1.1.1-4 otherwise.

- For TDD UL/DL configuration 6 and UE configured with higher layer parameter symPUSCH-UpPts-
r14 for the serving cell ¢

If the subframe-PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH/EPDCCH of
DCI format 0/4 if the UE is not configured with higher layer parameter shortProcessingTime or if
the UE is configured with higher layer parameter shortProcessingTime and the corresponding
PDCCH with CRC scrambled by C-RNTI isin the common search space in which the LSB of the
UL indexissettol, Kpgy =6.

If the subframe-PUSCH transmission in subframe sis scheduled with a PDCCH of DCI format
0/4, if the UE is configured with higher layer parameter shortProcessingTime and the
corresponding PDCCH with CRC scrambled by C-RNTI isin the UE-specific search spacein
which the LSB of the UL index isset to 1,

- Kygy=6fors=1lor?2

- Kyg =4 fors=3

If the slot-PUSCH transmission in slot 4, 15 or 16 is scheduled with a PDCCH/SPDCCH with
DCI format 7-0A/7-0B in which the LSB of the UL index issetto 1, Kpyscy =5.

For all other PUSCH transmissions, K g, isgivenin
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- Table5.1.1.1-4A if the UE is configured with shortProcessingTime and the corresponding
PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space,
- Table5.1.1.1-4B for slot- PUSCH transmissions,
- Table5.1.1.1-4 otherwise.

- For aserving cell with frame structure type 3,

For an uplink DCI format OA/4A carrying AUL-DFI according to subclause 8.3A, Koy =4-

- For an uplink DCI format 0A/4A with CRC scrambled by C-RNTI with PUSCH trigger A set to 0,
Kpuscn isequal to k+l, wherek and | are defined in in Subclause 8.0.

- For an uplink DCI format 0B/4B with CRC scrambled by C-RNTI with PUSCH trigger A set to O,
K pugcn is equal to kel with 17 = Mod(Miang 15 = Maaro 10+ Niaro ) » WHere Miarg o is
HARQ process number in subframei, and k, |, niarg 10 and Nuaro are defined in Subclause 8.0.

- For an uplink DCI format 0A/4A with CRC scrambled by C-RNTI with PUSCH trigger A setto 1

and upon the detection of PDCCH with CRC scrambled by CC-RNTI and with 'PUSCH trigger B’
field set to '1' described in Subclause 8.0, Kpygyy isequal to p+k+l, where p, k and | are defined

in Subclause 8.0.

- For an uplink DCI format 0B/4B with CRC scrambled by C-RNTI with PUSCH trigger A setto 1
and upon the detection of PDCCH with CRC scrambled by CC-RNTI and with 'PUSCH trigger B'
field set to '1' described in Subclause 8.0, Kp gy iSequal to p+k+l+i* with

i’ = mod(niH ARG 1D — Mhara 10+ NHarg ) where N'iarg_ip iIsHARQ process number in subframe
i,and p, K, I, NHarg 10 @and Nuarg are defined in Subclause 8.0.

If a UE detected multiple TPC commands in subframe i — Kp sy , the UE shall use the TPC
command in the PDCCH/EPDCCH with DCI format 0A/0B/0C/4A/4B with CRC scrambled by

C-RNTI which schedules PUSCH transmission in subframeii.

- The Jdpysch dB absolute values signalled on PDCCH/EPDCCH with DCI format

0/0A/0B/0C/4/4A/4B or PDCCH/SPDCCH with DCI format 7-0A/7-0B or a MPDCCH with DCI format
6-0A aregivenin Table5.1.1.1-2. If the PDCCH/EPDCCH with DCI format 0 or PDCCH/SPDCCH with
DCI format 7-0A/7-0B or a MPDCCH with DCI format 6-0A is validated as a SPS activation or release
PDCCH/EPDCCH/MPDCCH/SPDCCH, then dpyscp ¢ is0dB.

- foranon-BL/CE UE, f(i)=fe(i—1) and f_,(i)=f ,(i—1) for asubframewhereno

PDCCH/EPDCCH with DCI format 0/0A/OB/0C/4/4A/4B is decoded for serving cell ¢ or where DRX
occursor i isnot an uplink subframe in TDD or FDD-TDD and serving cell ¢ frame structure type 2.

- for aBL/CE UE configured with CEModeA, f (i) = fc(i—1) and f_,(i)= f ,(i—1) for asubframe

where no MPDCCH with DCI format 6-0A is decoded for serving cell ¢ or where DRX occursori is
not an uplink subframein TDD.

- If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell
C and

- if subframe i belongsto uplink power control subframe set 2 as indicated by the higher layer
parameter tpc-SubframeSet-r12 f (i) = f (i —1)

- if subframe i does not belong to uplink power control subframe set 2 as indicated by the higher layer
parameter tpc-SubframeSet-r12 f_,(i) = f_,(i—-1)

- For both typesof f.(*) (accumulation or current absolute) the first value is set as follows:
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- If Py ye puscH ¢ Valueischanged by higher layers and serving cell ¢ isthe primary cell or, if
Po uE pusch ¢ Valueisreceived by higher layersand serving cell ¢ isa Secondary cell or, if aBL/CE
UE transmits using preconfigured uplink resources,

- £,(0=0

- Notefor aBL/CE UE, f.(i) =0fori=0,1,... up to the last subframe of the PUSCH transmission using
preconfigured uplink resource.

- For serving cell ¢, when the UE is configured with higher layer parameter shortTTl or when thereisa
change in configuration corresponding to the higher layer parameter shortTTI, f_(0) for thefirst

following PUSCH transmission in aslot or subslot in a given subframe is set to the value of  f. (%)
associated with PUSCH of the previous uplink subframe.

- Else

- If the UE receives the random access response message for aserving cell ¢

where

- f(0)=AP, . +3

ampupc msg2,c ’

)

msg2,c
random access preambl e transmitted in the serving cell ¢, see Subclause 6.2, and

isthe TPC command indicated in the random access response corresponding to the

10|OglO(M PUSCH c(o))
AF)rarrpup,c = min max 0' PCMAX,C -+ PO_PUSK:H c(2) + 5n~592 ,
+0,(2)- PL+ A .(0)

AP and AP

tampuprequested ¢ 1S Provided by higher layers and

rampuprequested, ¢

corresponds to the total power ramp-up requested by higher layers from the first to the last
preambleinthe serving cell ¢, M gyqqy, . (0) isthe bandwidth of the PUSCH resource

assignment expressed in number of resource blocks valid for the subframe of first PUSCH
transmission inthe serving cell ¢, and Arr¢(0) is the power adjustment of first PUSCH
transmission in the serving cell c. If aUE is performing non-contention based random access
procedure and is configured with higher layer parameter pusch-EnhancementsConfig, 8psg2 =
0. For aPUSCH transmission corresponding to ul-Configlnfo-r14, the UE shall assume

APrampuprequested,c msg2,c — 0

If PO_UE_PUSCH’Q2 valueisreceived by higher layers for a serving cell c.

fc,2(0) =0
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Table 5.1.1.1-1A: K o for TDD configuration 0-6, special subframe configuration 0, 1, 2, 3, 4, 5, 6,
7, 8, 9 and UE configured with shortProcessingTime

Table 5.1.1.1-1B: K o for TDD configurations 0-6, special subframe configuration 1, 2, 3,4, 6, 7, 8

Table 5.1.1.1-1:

27
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Keuscy for TDD configuration 0-6

TDD UL/DL subframe number i
Configuration | 0|12 |3 |4|5|6]|7]|8]9
0 -|-]6]7][4 -|6]7]4
1 -l -lelal-]-[-16[4]-
2 --lal-1-1-1-1a]-[-
3 - -14(414]-1-1-1-]1-
4 -l-Talal-1-1-1-1-1-
5 - -4l - - -] -1-1-]-
6 -l -17l7]s]-1- 7] -

TDD UL/DL subframe number i
Configuration [0 |1 |2 |3|4|5|6|7|8]|9
0 - 6|3]|3 -16]13]3
1 -1 -1313]|-]-]1-13]3]-
2 - -3 -]-1-1-13]-]-
3 - - 13133 -1-|-1-1-
4 - - 1313 -]-1-|-1-]1-
5 -l -3 - -l - -1-]-
6 -|-|1614|4]|-]-]16]3]-

and UE configured with ul-STTI-Length

TDD UL/DL slot number i
Configuration 2|13|4|5(6(7(8(9|10|11|12(13|14|15|16 (17| 18| 19
0 41414 |5|5|6 4 4 4 5 5 6
1 4 (4|14 4 4 4 4 4
2 4 | 4 4 4
3 6|6|6|6|6|6
4 4141|1414
5 4 | 4
6 6|6|6|6|6|6 4 |1 4| 4| 4

Table 5.1.1.1-1C: K o for TDD configurations 0-6, special subframe configuration 0, 5, 9 and UE

configured with ul-STTI-Length

TDD UL/DL slot number i
Configuration 2|3|4|5|6|7|8|9]10)|11|12(13|14|15|16|17|18]19
0 4|15|5|6|6]|7 4 | 5|5 |6 |6 |7
1 5|5|5]|5 5| 5|55
2 414 4 4
3 7|77 |7 |7 |7
4 5|/5|5]|5
5 414
6 4|15|5|6|6|7 4 | 4 | 4|5
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Table 5.1.1.1-2: Mapping of TPC Command Field in DCI format 0/0A/0B/0C/3/4/4A/4B/6-0A/3B/7-0A/7-
OB to absolute and accumulated Jpygcy values

TPC Command Field in
DCI format O/0A/OB/OC/3/4/4A/AB/6- (?:J:le“a[tgg] Absolute Spyscrc [dB] only DCI format
OA/3B/7-0A/7-0B c 0/0A/OB/OC/4/4AI4B/6-0AI7-0A/7-0B
0 K} Z
1 0 K}
2 1 1
3 3 2

Table 5.1.1.1-3: Mapping of TPC Command Field in DCI format 3A/3B to accumulated Jdpyscyc Values

TPC Command Field in
DCI format 3A/3B

0 -1

1 1

Accumulated opyscp ¢ [dB]

Table 5.1.1.1-4: K, oy, for TDD configuration 0-6 and UE configured with symPUSCH-UpPts-r14

TDD UL/DL subframe number i

Configuration [0 |1 |2 |3[4|5|6|7|8]|9
0 517|714 517|714
1 -|6|6|4]|-]|-]16|6]4
2 -\ 514 |-|-]-15]4]|-]|-
3 -1414(414)-1-1-1-1-
4 -lalalal-]-1-1-1-1-
5 Slalal-T-1-1-1-1-1-
6 -|16|7|7|5]-]6 7] -

Table 5.1.1.1-4A: K,y for TDD configuration 0-6 and UE configured with symPUSCH-UpPts-r14
and UE configured with shortProcessingTime

TDD UL/DL subframe number i

Configuration |0 |12 |3[4|5|6|7|8]|9
0 6|6|3]|3 6|6|3]|3
1 -|5(3|3|-]-15|3]3
2 - 1313 -]-]1-18|3]-]-
3 - 1313133 |-]-|-1-1-
4 -1313]3 - - -] - -
5 - 133 --1-1-1-1-1-
6 -|5(3|3|4|-|5|6]|3]-

Table 5.1.1.1-4B: K,y for TDD configurations 0-6 and UE configured with symPUSCH-UpPts-r14,
and UE configured with ul-STTI-Length

TDD UL/DL slot number i
Configuration |0 |1 |2 | 3 |4|5|6|7|8|9|10|11|12|13|14|15|16| 17| 18| 19
0 11 |4 |5|5|6|6 |7 11| 4 | 5| 5|6 |6 |7
1 5|5|5|5|5 5 5 5 5 5
2 4 | 4|4 4 4 4
3 7 |7 |7|7|7|7]|7
4 5 |5|5|5]|5
5 4 | 4|4
6 4 |4]|15|5|6|6|7 11 | 4 4 4 5

For agiven serving cell, if the UE is configured with higher layer parameter shortProcessingTime , the UE shall use the
TPC command received with DCI format 0/4 mapped onto the UE-specific search space for subframei.
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For a UE capable of simultaneous transmission of different uplink signal durationsto different serving cells as indicated
by UE capability simultaneousTx-differentTx-duration, if PUSCH/PUCCH transmissions of different duration occur in

different serving cells and in the same subframe and if the total transmit power of the UE would exceed Ppeyax (1) , the
UE shall follow the dropping rules described in Subclause 5.1.5 until the total transmit power of the UE would not

exceed Peyay (1) or until there are only PUSCH/PUCCH transmissions of the same duration remaining in which case
the following rules apply.

If the UE is not configured with an SCG or a PUCCH-SCell, and if the total transmit power of the UE would exceed
Peyax (i) , the UE scales Poygon o (i) for the serving cell ¢ in subframe/slot/subsiot i such that the condition

Z w(i)- lSPUSCH,c(i) < (lsCMAX (i) - lSPUCCH ('))

is satisfied where Poyccy (i) isthelinear value of Poyccep (i) ISPUSCHC(i) isthe linear value of Poysch (i)
ISCMAX () isthelinear value of the UE total configured maximum output power Pey,.y defined in [6] in

subframe/dot/subslot i and W(i) is a scaling factor of ISPUSCH’C(i) for serving cell ¢ where 0<w(i) <1. In casethere

isno PUCCH transmission in subframe/slot/subslot i Poyccp (i) =0

If the UE is not configured with an SCG or a PUCCH-SCell, and if the UE has PUSCH transmission with UCI on
serving cell j and PUSCH without UCI in any of the remaining serving cells, and the total transmit power of the UE

would exceed Py (1) , the UE scales IspuscH‘C(i) for the serving cells without UCI in subframe/slot/subslot i such
that the condition

S W) - Brosorrc () < Py () = P ()

C#j

is satisfied where ISPUSCH’J- (i) isthe PUSCH transmit power for the cell with UCI and W(i) is a scaling factor of

ISPUSCH‘C(i)for serving cell ¢ without UCI. In this case, no power scaling is applied to ﬁPUSCH’j(i) unless

Zw(i) -Prysch c(i) =0 and the total transmit power of the UE still would exceed ISCMAX ().
Cc#]j

For a UE not configured with a SCG or a PUCCH-SCell, note that w(i) values are the same across serving cells when
wW(i) > Obut for certain serving cells wW(i) may be zero.

If the UE is not configured with an SCG or a PUCCH-SCell, and if the UE has simultaneous PUCCH and PUSCH
transmission with UCI on serving cell j and PUSCH transmission without UCI in any of the remaining serving cells,

and the total transmit power of the UE would exceed If’c,\,I ax (1), the UE obtains Ppysch, (i) according to

A

Brscr; (1) = Min(Boosgss ; 0): (Poywa (1) = Procan ()

and

W) Prssgrre (1) < (P 1) = Procers (1) = Prosgss s ()

C#]j

If the UE is not configured with a SCG or a PUCCH-SCell, and

- If the UE is configured with multiple TAGs, and if the PUCCH/PUSCH transmission of the UE on
subframe/slot/subslot | for agiven serving cell in a TAG overlaps some portion of the first symbol of the
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PUSCH transmission on subframe/slot/subslot 1+ 1 for a different serving cell in another TAG the UE shall
adjust itstotal transmission power to not exceed PCM ax ONn any overlapped portion.

- If the UE is configured with multiple TAGs, and if the PUSCH transmission of the UE on subframe/slot/subsl ot
I for agiven serving cell in a TAG overlaps some portion of the first symbol of the PUCCH transmission on

subframe/slot/subslot 1+ 1 for adifferent serving cell in another TAG the UE shall adjust its total transmission
power to not exceed PCM ax ON any overlapped portion.

- If the UE is configured with multiple TAGs, and if the trigger type 0/1 SRS transmission of the UE in a symbol
on subframe/slot/subslot | for agiven serving cell in a TAG overlaps with the PUCCH/PUSCH transmission
on subframe/slot/subslot | or subframe/slot/subslot i +1 for adifferent serving cell in the same or another
TAG the UE shall drop trigger type 0/1 SRSif itstotal transmission power exceeds PCM Ax ON any overlapped

portion of the symbol.

- If the UE is configured with multiple TAGs, and if the trigger type 2 SRS transmission of the UE in a symbol on
subframe/dlot/subslot i for agiven serving cell ina TAG overlaps with the PUCCH/PUSCH transmission on
subframe/slot/subslot i, i — 1 or i + 1 for adifferent serving cell in the same or another TAG, the UE shall
drop the trigger type 2 SRS in the overlapped symbol if itstotal transmission power exceeds Pgy4x ON any
overlapped portion of the symbol.

- If the UE is configured with multiple TAGs and more than 2 serving cells, and if the trigger type 0/1 SRS
transmission of the UE in asymbol on subframe/slot/subsiot | for agiven serving cell overlaps with the SRS
transmission on subframe/slot/subslot 1 for a different serving cell(s) and with PUSCH/PUCCH transmission
on subframe/slot/subslot | or subframe/slot/subslot i +1 for another serving cell(s) the UE shall drop the
trigger type 0/1 SRS transmissionsif the total transmission power exceeds PCM ax ONn any overlapped portion of

the symboal.

- If the UE is configured with multiple TAGs and more than 2 serving cells, and if the trigger type 2 SRS
transmission of the UE in a symbol on subframe/slot/subslot i for agiven serving cell overlaps with the SRS
transmission on subframe/slot/subslot i — 1, i or i + 1 for adifferent serving cell(s) and with PUSCH/PUCCH
transmission on subframe/slot/subslot i — 1, i or i + 1 for another serving cell(s), the UE shall drop the trigger
type 2 SRS transmission in the overlapped symbol if the total transmission power exceeds Pgy4x ON any
overlapped portion of the symbol.

- If the UE is configured with multiple TAGs, the UE shall, when requested by higher layers, to transmit PRACH
in asecondary serving cell in paralel with SRS transmission in a symbol on a subframe of a different serving
cell belonging to adifferent TAG, drop SRS if the total transmission power exceeds PCM ax ONn any overlapped
portion in the symbol.

- If the UE is configured with multiple TAGs, the UE shall, when requested by higher layers, to transmit PRACH

in asecondary serving cell in parallel with PUSCH/PUCCH in adifferent serving cell belonging to a different
TAG, adjust the transmission power of PUSCH/PUCCH so that itstotal transmission power does not exceed

P-yiax 0n the overlapped portion.

If the UE is configured with a LAA SCell for uplink transmissions, the UE may compute the scaling factor wi(i)

assuming that the UE performs a PUSCH transmission on the LAA SCell in subframei irrespective of whether the UE
can access the LAA SCell for the PUSCH transmission in subframe i according to the channel access procedures
described in Subclause 4.2.1 of [13].

For a BL/CE UE configured with CEModeA, if the PUSCH is transmitted in more than one subframeio, i1, ..., in1
where ig< i1< ...<in-1, the PUSCH transmit power in subframeiy, k=0, 1, ..., N-1, is determined by

PPUSCH,c(ik) = PPUSCH,c(iO)

For a BL/CE UE configured with CEM odeB, the PUSCH transmit power in subframe iy is determined by

PPUSCH,c(ik) = PCMAX ,c(iO)
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511.2 Power headroom

There are three types of UE power headroom reports defined. A UE power headroom PH isvalid for
subframe/dot/subslot i for serving cell c.

If the UE is configured with a SCG, and if the higher layer parameter phr-ModeOther CG-r12 for a CG indicates
‘virtual', for power headroom reports transmitted on that CG, the UE shall compute PH assuming that it does not
transmit PUSCH/PUCCH on any serving cell of the other CG.

For a UE configured with EN-DC/NE-DC and capable of dynamic power sharing, if aNR Multiple Entry PHR[15, TS
38.321] istriggered and if the NR slot on active UL BWP that carries the Multiple Entry PHR is not aligned with E-
UTRA subframe due to asynchronous EN-DC/NE-DC [16, TS 38.133] or different duration between the NR slot and E-
UTRA subframe, UE provides PH of the first E-UTRA subframe that overlaps with the NR dlot.

If the UE is configured with a SCG,

- For computing power headroom for cells belonging to MCG, the term 'serving cell' in this subclause refersto
serving cell belonging to the MCG.

- For computing power headroom for cells belonging to SCG, the term 'serving cell” in this subclause refers to
serving cell belonging to the SCG. The term "primary cell’ in this subclause refers to the PSCell of the SCG.

If the UE is configured with a PUCCH-SCaell,

- For computing power headroom for cells belonging to primary PUCCH group, the term 'serving cell' in this
subclause refersto serving cell belonging to the primary PUCCH group.

- For computing power headroom for cells belonging to secondary PUCCH group, the term 'serving cell’ in this
subclause refersto serving cell belonging to the secondary PUCCH group. The term ‘primary cell' in this
subclause refers to the PUCCH-SCell of the secondary PUCCH group.

In this subclause,

- theterm 'scheduled to transmit PUSCH' refers to PUSCH scheduled via an uplink scheduling grant or semi-
persistent scheduling assignment.

- theterms'PUCCH is prepared to be transmitted' or ‘prepared to transmit PUCCH' refer to PUCCH for which the
UE has started generating the UCI.

If the UE is configured with a LAA SCell for uplink transmissions, and the UE receives PDCCH/EPDCCH with DCI
format OA/OB/4A/4B with PUSCH trigger A set to 0 corresponding to a PUSCH transmission on the LAA SCéll in
subframe i, power headroom for subframei is computed assuming that the UE performs a PUSCH transmission on the
LAA SCdll in subframei irrespective of whether the UE can access the LAA SCell for the PUSCH transmission in
subframe i according to the channel access procedures described in Subclause 4.2.1 of [13].

If the UE is configured with an LAA SCell for uplink transmissions, and if the UE reports power headroom in subframe
i inserving cell cinaPUSCH transmission scheduled using DCI format OA/OB/4A/4B with 'PUSCH trigger A' set to O
or in aPUSCH transmission scheduled using DCI format 0/4,

- for LAA SCells other than serving cell ¢ on which UE receives a DCI format 0A/OB/4A/4B or PUSCH trigger B
in subframei-4 or earlier indicating a PUSCH transmission in subframe i, power headroom for the serving cell is
computed assuming that the UE performs a PUSCH transmission on that serving cell in subframei.

- for LAA SCells other than serving cell ¢ on which UE does not receive a DCI format 0A/0B/4A/4B or PUSCH
trigger B in subframe i-4 or earlier, indicating a PUSCH transmission in subframe i, power headroom for the
serving cell is computed assuming that the UE does not perform a PUSCH transmission on that serving cell in
subframei.

If the UE is configured with a LAA SCell for uplink transmissions, and if the UE receives a DCI format 0A/OB/4A/4B
with PUSCH trigger A set to 1 in subframe n on serving cell ¢, and if the UE reports power headroom on serving cell ¢
using the received DCI,
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- for serving cells other than the serving cell ¢, the UE computes power headroom assuming that it performs a
PUSCH transmission in subframe n+ kp , if in subframe n or earlier, the UE receives a DCI format 0/4 or DCI
format OA/0B/4A/4B with PUSCH trigger A set to 0 or PUSCH trigger B set to 1, indicating PUSCH
transmission in subframe n+ K, .

- for serving cells other than the serving cell ¢, the UE computes power headroom assuming that it does not
perform a PUSCH transmission in subframe n+ kp , if in subframe n or earlier, the UE does not receive a DCI
Format 0/4 or DCI format 0A/OB/4A/4B with PUSCH trigger A set to 0 or PUSCH trigger B set to 1, indicating
PUSCH transmission in subframe n+K_, .

If serving cell ¢ is configured with higher layer parameter ul-STTI-Length="subslot’, and if the UE reports power
headroom on subslot i of serving cell ¢, for serving cells other than serving cell ¢, the UE computes power headroom for

- subdot i, if the serving cells are configured with higher layer parameter ul-STTI-Length="subslot'
- thedot containing subdot i, if the serving cells are configured with higher layer parameter ul-STTI-Length="dlot'
- the subframe containing subslot i, otherwise.

If serving cell ¢ is configured with higher layer parameter ul-STTI-Length="dot', and if the UE reports power headroom
on doti of serving cell ¢ using slot-PUSCH, for serving cells other than serving cell ¢, the UE computes power
headroom for

- doti, if the serving cells are configured with higher layer parameter ul-STTI-Length="dot'
- the subframe containing dot i, otherwise.

If the UE reports power headroom on subframei of serving cell ¢ using subframe-PUSCH, for serving cells other than
serving cell ¢, the UE computes power headroom for subframei.

Type 1:
If the UE is scheduled to transmit PUSCH and is not prepared to transmit PUCCH in subframe/slot/subslot i for

serving cell ¢, then power headroom for a Type 1 report is computed using

PH typet,c(1) = Pomax ¢ (i) {10|0910(M puscH,c(i)) + Po_pusch,c () + ac(j) - Ple + Atp (i) + fc(i) } [dB]

where, Poyay (i

5.1.1.1.

). Mpuschc(). Po puscHc(i): (i), Ple, A (i) and fe(i) aredefined in Subclause

If the UE is scheduled to transmit PUSCH and is prepared to transmit PUCCH in subframe/dlot/subslot i for serving
cell ¢, then power headroom for a Type 1 report is computed using

PH ypet o (i) = Pomax ¢ () {1010930 (M pyscr, o ()) + Po,_pusch, e (1) + @c () Ple +Atec (i) + f(i) } [dB]

where, Mpyschc(i): Po pusch,c(i), @c(j), Ple, A (i) and fc(i) aredefinedin Subclause5.1.1.1.
I5CM ax ¢ (1) is computed based on the requirements in [6] assuming a PUSCH only transmissionin

subframe/dot/subslot i . For this case, the physical layer delivers ISCM AX ’C(i) instead of Popyiax ’C(i) to higher layers.

If the UE is not scheduled to transmit PUSCH in subframe/slot/subslot i for serving cell ¢, or if the UE is configured
with an LAA SCell for uplink transmissions and receives DCI Format 0A/0B/4A/4B with PUSCH trigger A setto 1 on
aserving cell c and if the UE reports power headroom in the PUSCH transmission corresponding to the DCI in serving
cell ¢, then the power headroom for a Type 1 report is computed using
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PH ypeq (i) = IE;cnv|Ax,c(i)— {PO_PUSCH,c(l) +a(D-PL:+ fo (i) } [dB]

where, ISCM ax c (i) is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and ATc =0dB, where MPR , A-
MPR, P-MPR and ATc are defined in[6]. Po pysch,c(D), (1), PLc, and f¢(i) are defined in Subclause 5.1.1.1.

Type 2:

If the UE is scheduled to transmit PUSCH and is prepared to transmit PUCCH in subframe/dot/subdlot i for the
primary cell, then power headroom for a Type 2 report is computed using

(10|0910(M puscr,c (1) +Po_pusch,c (1) +ac (1)-Ple+Aqec (i) + fe (i))/lO

PH type2 (i) = Pemax, ¢ (1) —10l0gsg [dB]

4 10(P0_PUCCH +PL; +h(nCQI NHARQ v”S?)*A £ puccH (F )+ Anp (F)+gli ))/10
where, Pomax.c: Mpusch,c(): Po pusch,c(i): @c(j), A (i) and f.(i) aretheprimary cell parametersas
defined in Subclause 5.1.1.1 and Py pycers Ples N(Ncgr NHarg NR) + A puccH (F)» Ao (F') and g(i) are
defined in Subclause 5.1.2.1

If the UE is scheduled to transmit PUSCH and is not prepared to transmit PUCCH in subframe/slot/subslot i for the
primary cell, then power headroom for a Type 2 report is computed using

(10|0910(MPUSCH,c(i))+P07PUSCH,c(j)+ac(j)‘PLc+ATF,c(i)+fc(i))/lo (dB]

PH i)=P i)—10l B
type2 (1) = Pomax ¢ (i) 0910 . 10(Po_pucm +PLe+g(1)10

where, Pemax,c()» Mpuschc(), Po pusch,c (i) (i), Ay (i) and fc(i) aretheprimary cell parametersas

defined in Subclause 5.1.1.1 and Py pyccy» PLe and g(i) aredefined in Subclause 5.1.2.1.

If the UE is prepared to transmit PUCCH without PUSCH in subframe/slot/subslot i for the primary cell, power
headroom for a Type 2 report is computed using

(POJUSCH,C (D+ac(D)-PL +f¢ (i))/lO

PH type2 (i) = Pemax ¢ (1) —1010g59 [dB]

4 10(P0_PUCCH +PL; +h(nCQI NHARQ vnS?)JrAF_PUCCH (F)+Anp (F)+gli ))/10
where, Po pysch,c(D), ac(D and f.(i) aretheprimary cell parameters as defined in Subclause 5.1.1.1, Peyaxc(i)
v Po puccr s Ples N(Ncor NHarg  NR) » A puccH (F) s Ao (F') and g(i) arealso defined in Subclause 5.1.2.1.

If the UE is not scheduled to transmit PUSCH and is not prepared to transmit PUCCH in subframe/slot/subslot i for
the primary cell, then power headroom for a Type 2 report is computed using

(POJUSCH,c (D+ac(D)-PLc+fe (i))/lO
[dB]

PH type2 (1) = Pemax ¢ (1) —1010gsg . 10(P0_PUCCH +PLo+gli)/10
where, ISCM ax.c(i) iscomputed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and ATc =0dB, where MPR,,
A-MPR, P-MPR and ATc are defined in[6], P pysch,c(D), ac(l) and fc(i) arethe primary cell parameters as

defined in Subclause 5.1.1.1 and Py pyccri» PLe and g(i) are defined in Subclause 5.1.2.1.

If the UE is unable to determine whether there isa PUCCH transmission corresponding to PDSCH transmission(s) or
not, or which PUCCH resource is used, in subframei for the primary cell, before generating power headroom for a
Type 2 report, upon (E)PDCCH detection, with the following conditions:
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- if both PUCCH format 1b with channel selection and simultaneousPUCCH-PUSCH are configured for the UE,
or

- if PUCCH format 1b with channel selection is used for HARQ-ACK feedback for the UE configured with
PUCCH format 3 and simultaneousPUCCH-PUSCH are configured,

then, UE is allowed to compute power headroom for a Type 2 using

(10|0910(M puscH,c (1) +Po_pusch,c (1) +ac (1) Ple+Atec(1)+ f¢ (i))/lO

PH ype2 (i) = Popax (i) — 101 [dB]
type2 (1) = Pemax ¢ (i) 0910 . 10(P07PUCCH +PL+g(i))10

where, Poyax c()» Mpuschc() . Po pusch,c(i): @c(i), A (i) and fc(i) aretheprimary cell parametersas
defined in Subclause 5.1.1.1 and Py pyccry» PLe and g(i) are defined in Subclause 5.1.2.1.

Type 3:
Computation of power headroom for Type 3 report is described in Subclause 5.1.3.2.

The power headroom shall be rounded to the closest value in the range [40; -23] dB with steps of 1 dB and is delivered
by the physical layer to higher layers.

If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell ¢ and if
subframe i belongsto uplink power control subframe set 2 as indicated by the higher layer parameter tpc-

SubframeSet-r12, the UE shall use f,(i) instead of fc (i) tocompute PH, (i) and PH ., (i) for

subframei and serving cell ¢, where f_,(i) isdefinedin Subclause5.1.1.1.

5.1.2 Physical uplink control channel

If the UE is configured with a SCG, the UE shall apply the procedures described in this subclause for both MCG and
SCG.

- When the procedures are applied for MCG, the term 'serving cell’ in this subclause refers to serving cell
belonging to the MCG.

When the procedures are applied for SCG, the term 'serving cell' in this subclause refers to serving cell belonging to the
SCG. The term ‘primary cell’ in this subclause refers to the PSCell of the SCG.If the UE is configured with a PUCCH-
SCell, the UE shall apply the procedures described in this subclause for both primary PUCCH group and secondary
PUCCH group.

- When the procedures are applied for the primary PUCCH group, the term 'serving cell' in this subclause refers to
serving cell belonging to the primary PUCCH group.

- When the procedures are applied for the secondary PUCCH group, the term 'serving cell’ in this subclause refers
to serving cell belonging to the secondary PUCCH group. The term 'primary cell' in this subclause refers to the