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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 also 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

Uplink power control controls the transmit power of the different uplink physical channels. 
If a UE 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 PUSCH, the transmit power 
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 defined in subclause 5.1.1, is first 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 
[image: image2.wmf])

(

ˆ

PUCCH

i

P

, defined in subclause 5.1.1.1, or
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 is split equally across the configured antenna ports for PUCCH or SRS. 
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defined in subclause 5.1.3.

A cell wide overload indicator (OI) and a High Interference Indicator (HII) 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 UplinkPowerControlDedicated-v12x0.

5.1.1
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-SCell, 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.
5.1.1.1
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 
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, then the UE transmit power 
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 for PUSCH transmission in subframe i for the serving cell 
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is given by
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If the UE transmits PUSCH simultaneous with PUCCH for the serving cell 
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, then the UE transmit power 
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  for the PUSCH transmission in subframe i for the serving cell 
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 is given by
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If the UE is not transmitting PUSCH for the serving cell c, for the accumulation of TPC command received with DCI format 3/3A for PUSCH, the UE shall assume that the UE transmit power 
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 for the PUSCH transmission in subframe i for the serving cell 
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 is computed by
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where,
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is the configured UE transmit power defined in [6] in subframe i for serving cell 
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 and 
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. If the UE transmits PUCCH without PUSCH in subframe 
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for the serving cell c, for the accumulation of TPC command received with DCI format 3/3A for PUSCH, the UE shall assume 
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 as given by subclause 5.1.2.1. If the UE does not transmit PUCCH and PUSCH in subframe 
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 for the serving cell c, for the accumulation of TPC command received with DCI format 3/3A for PUSCH, the UE shall compute 
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 assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and TC =0dB, where MPR, A-MPR, P-MPR and TC are defined in [6].
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defined in subclause 5.1.2.1
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is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks valid for subframe i and serving cell 
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. 
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If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell 
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 and if subframe 
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 belongs to uplink power control subframe set 2 as indicated by the higher layer parameter tpc-SubframeSet-r12, 
-
when j=0, 
[image: image31.wmf]O_PUSCH,cO_UE_PUSCH,c,2O_NOMINAL_PUSCH,c

,2

(0)(0)(0)

PPP

=+

, where j=0 is used for PUSCH (re)transmissions corresponding to a semi-persistent grant.
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 are the parameters p0-UE-PUSCH-Persistent-SubframeSet2-r12 and p0-NominalPUSCH-Persistent -SubframeSet2-r12 respectively provided by higher layers, for each serving cell 
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, where j=1 is used for PUSCH (re)transmissions corresponding to a dynamic scheduled grant.  
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are the parameters p0-UE-PUSCH-SubframeSet2-r12 and  p0-NominalPUSCH-SubframeSet2-r12 respectively, provided by higher layers for serving cell 
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[image: image39.wmf])

2

(

)

2

(

)

2

(

PUSCH,c

O_NOMINAL_

,c

O_UE_PUSCH

O_PUSCH,c

P

P

P

+

=

 where 
[image: image40.wmf]0

)

2

(

,c

O_UE_PUSCH

=

P

 and  
[image: image41.wmf]3

_

O_PRE

PUSCH,c

O_NOMINAL_

)

2

(

Msg

PREAMBLE

P

P

D

+

=

, where the parameter preambleInitialReceivedTargetPower [8] (
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 are signalled from higher layers for serving cell 
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, where j=2 is used for PUSCH (re)transmissions corresponding to the random access response grant.

Otherwise
-

[image: image45.wmf])

(

c

O_PUSCH,

j

P

is a parameter composed of the sum of a component 
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 provided from higher layers for j=0 and 1 and a component 
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 provided by higher layers for j=0 and 1 for serving cell 
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. 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 and for PUSCH (re)transmissions corresponding to the random access response grant then j=2. 
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If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell 
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 and if subframe 
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 belongs to uplink power control subframe set 2 as indicated by the higher layer parameter tpc-SubframeSet-r12, 
-
For j=0 or 1, 
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is the parameter alpha-SubframeSet2-r12 provided by higher layers for each serving cell 
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For j=2, 
[image: image59.wmf]()1

c

j

a

=

.


Otherwise
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For j =0 or 1, 
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 is a 3-bit parameter provided by higher layers for serving cell 
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. For j=2, 
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 is the downlink path loss estimate calculated in the UE for serving cell 
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 in dB and 
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 = referenceSignalPower – 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. 
-
If serving cell 
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 belongs to 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 referenceSignalPower and higher layer filtered RSRP. For the uplink of the secondary cell, the serving cell configured by the higher layer parameter pathlossReferenceLinking defined in [11] is used as the reference serving cell for determining referenceSignalPower and higher layer filtered RSRP. 
-
If serving cell 
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 belongs to 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 pathlossReferenceLinking defined in [11] is used as the reference serving cell for determining referenceSignalPower and higher layer filtered RSRP. 

-
If serving cell 
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 belongs to a TAG not containing the primary cell or PSCell then serving cell 
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 is used as the reference serving cell for determining referenceSignalPower and higher layer filtered RSRP.
-
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 is given by the parameter deltaMCS-Enabled provided by higher layers for each serving cell 
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 is the number of code blocks, 
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 is a correction value, also referred to as a TPC command and is included in PDCCH/EPDCCH with DCI format 0/0A/0B/4/4A/4B or in MPDCCH with DCI format 6-0A for serving cell 
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or jointly coded with other TPC commands in 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 UplinkPowerControlDedicated-v12x0 for serving cell 
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 and if subframe 
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 belongs to 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 
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 if accumulation is enabled based on the parameter Accumulation-enabled provided by higher layers or if the TPC command 
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 is included in a PDCCH/EPDCCH with DCI format 0 or in a MPDCCH with DCI format 6-0A for serving cell 
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 where the CRC is scrambled by the Temporary C-RNTI
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 is the first value after reset of accumulation. For a BL/CE UE configured with CEModeA, subframe 
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 is the last subframe in which the MPDCCH with DCI format 6-0A or MPDCCH with DCI format 3/3A is transmitted.
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The value of 
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For FDD or FDD-TDD and serving cell frame structure type 1, 
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-
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 cells is 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" refers to the UL-reference UL/DL configuration (defined in subclause 8.0) for serving cell 
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For TDD UL/DL configurations 1-6, 
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 is given in Table 5.1.1.1-1
-
For TDD UL/DL configuration 0

-
If the PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH/EPDCCH of DCI format 0/4 or a MPDCCH of DCI format 6-0A in which the LSB of the UL index is set to 1, 
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For all other PUSCH transmissions, 
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 is given in Table 5.1.1.1-1. 
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For a serving cell with frame structure type 3,
-
For an uplink DCI format 0A/0B/4A/4B with PUSCH trigger A set to 0, 
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is equal to the value of the ‘timing offset’ field as indicated in the DCI.
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For an uplink DCI format 0A/0B/4A/4B with PUSCH trigger A set to 1, 
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is equal to k+1, where k is the minimum delay between the subframe containing ‘PUSCH trigger B’ and the UL transmission, and is included in the UE-EUTRA-Capability.
· If a UE needs to apply multiple TPC commands for a PUSCH transmission in subframe n, then the TPC commands are applied cumulatively. 
-
For serving cell 
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 and a non-BL/CE UE, the UE attempts to decode a PDCCH/EPDCCH of DCI format 0/0A/0B/4/4A/4B with the UE's C-RNTI or DCI format 0 for SPS C-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 
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· For serving cell 
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 and a BL/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 and a MPDCCH of DCI format 3/3A with this UE's TPC-PUSCH-RNTI in every BL/CE downlink subframe except when in DRX

-
For a non-BL/CE UE, if DCI format 0/0A/0B/4/4A/4B for serving cell 
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and DCI format 3/3A are both detected in the same subframe, then the UE shall use the 
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 provided in DCI format 0/0A/0B/4/4A/4B. 
· For a BL/CE UE configured with CEModeA, if DCI format 6-0A for serving cell 
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 dB accumulated values signalled on PDCCH/EPDCCH with DCI format 0/0A/0B/4/4A/4B or MPDCCH with DCI format 6-0A are given in Table 5.1.1.1-2. If the PDCCH/EPDCCH with DCI format 0 or MPDCCH with DCI format 6-0A is validated as a SPS activation or release PDCCH/EPDCCH/MPDCCH, then 
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If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell 
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 dB absolute values signalled on PDCCH/EPDCCH with DCI format 0/0A/0B/4/4A/4B or a MPDCCH with DCI format 6-0A are given in Table 5.1.1.1-2. If the PDCCH/EPDCCH with DCI format 0 or a MPDCCH with DCI format 6-0A is validated as a SPS activation or release PDCCH/EPDCCH/MPDCCH, then 
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 for a subframe where no PDCCH/EPDCCH with DCI format 0/0A/0B/4/4A/4B is decoded for serving cell 
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 or where DRX occurs or i is not an uplink subframe in TDD or FDD-TDD and serving cell c frame structure type 2. 
· for a BL/CE UE configured with CEModeA,
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 for a subframe where no MPDCCH with DCI format 6-0A is decoded for serving cell 
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If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell 
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 is the TPC command indicated in the random access response corresponding to the random access preamble transmitted in the serving cell 
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Table 5.1.1.1-1: [image: image199.wmf]PUSCH
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 for TDD configuration 0-6

	TDD UL/DL
Configuration
	subframe number i

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	- 
	-
	6
	7
	4
	-
	-
	6
	7
	4

	1
	-
	-
	6
	4
	-
	-
	-
	6
	4
	-

	2
	-
	-
	4
	-
	-
	-
	-
	4
	-
	-

	3
	-
	-
	4
	4
	4
	-
	-
	-
	-
	-

	4
	-
	-
	4
	4
	-
	-
	-
	-
	-
	-

	5
	-
	-
	4
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


Table 5.1.1.1-2: Mapping of TPC Command Field in DCI format 0/3/4/6-0A to absolute and accumulated 
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Table 5.1.1.1-3: Mapping of TPC Command Field in DCI format 3A to accumulated 
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If the UE is not configured with an SCG or a PUCCH-SCell, and if the total transmit power of the UE would exceed 
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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 
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is satisfied where 
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 and the total transmit power of the UE still would exceed 
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For a UE not configured with a SCG or a PUCCH-SCell, note that
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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 
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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 
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 for a given serving cell in a TAG overlaps some portion of the first symbol of the PUSCH transmission on subframe 
[image: image238.wmf]1

+

i

 for a different serving cell in another TAG the UE shall adjust its total transmission power to not exceed 
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on any overlapped portion.

-
If the UE is configured with multiple TAGs, and if the PUSCH transmission of the UE on subframe 
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 for a given serving cell in a TAG overlaps some portion of the first symbol of the PUCCH transmission on subframe 
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 for a different serving cell in another TAG the UE shall adjust its total transmission power to not exceed 
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on any overlapped portion.

-
If the UE is configured with multiple TAGs, and if the SRS transmission of the UE in a symbol on subframe 
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 for a given serving cell in a TAG overlaps with the PUCCH/PUSCH transmission on subframe 
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or subframe 
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 for a different serving cell in the same or another TAG the UE shall drop SRS if its total transmission power exceeds 
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on any overlapped portion of the symbol.

-
If the UE is configured with multiple TAGs and more than 2 serving cells, and if the SRS transmission of the UE in a symbol on subframe 
[image: image247.wmf]i

 for a given serving cell overlaps with the SRS transmission on subframe 
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 for a different serving cell(s) and with PUSCH/PUCCH transmission on subframe 
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or subframe 
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 for another serving cell(s) the UE shall drop the SRS transmissions if the total transmission power exceeds 
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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 a secondary serving cell in parallel with SRS transmission in a symbol on a subframe of a different serving cell belonging to a different TAG, drop SRS if the total transmission power exceeds 
[image: image252.wmf]CMAX
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on 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 a secondary serving cell in parallel with PUSCH/PUCCH in a different serving cell belonging to a different TAG, adjust the transmission power of PUSCH/PUCCH so that its total transmission power does not exceed 
[image: image253.wmf]CMAX
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on the overlapped portion.
If the UE is configured with a LAA SCell for uplink transmissions, the UE may compute the scaling factor 
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 assuming that the UE performs a PUSCH transmission on the LAA SCell in subframe i 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 15.2.1.
For a BL/CE UE configured with CEModeA, if the PUSCH is transmitted in more than one subframe i0, i1, …, iN-1 where i0< i1< …< iN-1, the PUSCH transmit power in subframe ik , k=0, 1, …, N-1, is determined by
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For a BL/CE UE configured with CEModeB, the PUSCH transmit power in subframe ik is determined by 
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5.1.1.2
Power headroom

There are two types of UE power headroom reports defined. A UE power headroom
[image: image257.wmf]PH

 is valid for subframe i for serving cell 
[image: image258.wmf]c

. 

If the UE is configured with a SCG, and if the higher layer parameter phr-ModeOtherCG-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.

If the UE is configured with a SCG, 

-
For computing power headroom for cells belonging to MCG, the term ‘serving cell’ in this subclause refers to 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-SCell, 

-
For computing power headroom for cells belonging to primary PUCCH group, the term ‘serving cell’ in this subclause refers to 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 refers to 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.
If the UE is configured with a LAA SCell for uplink transmissions, and the UE receives PDCCH/EPDCCH with DCI format 0A/0B/4A/4B corresponding to a PUSCH transmission on the LAA SCell in subframe i, power headroom for subframe i is computed assuming that the UE performs a PUSCH transmission on the LAA SCell in subframe i 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 15.2.1.  

Type 1: 

If the UE transmits PUSCH without PUCCH in subframe 
[image: image259.wmf]i

 for serving cell 
[image: image260.wmf]c

, power headroom for a Type 1 report is computed using 
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If the UE transmits PUSCH with PUCCH in subframe 
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 for serving cell 
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, power headroom for a Type 1 report is computed using 
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If the UE does not transmit PUSCH in subframe 
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 for serving cell 
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, power headroom for a Type 1 report is computed using
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Type 2:

If the UE transmits PUSCH simultaneous with PUCCH in subframe 
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 for the primary cell, power headroom for a Type 2 report is computed using 
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If the UE transmits PUSCH without PUCCH in subframe 
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for the primary cell, power headroom for a Type 2 report is computed using 
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If the UE transmits PUCCH without PUSCH in subframe 
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for the primary cell, power headroom for a Type 2 report is computed using 
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If the UE does not transmit PUCCH or PUSCH in subframe 
[image: image327.wmf]i

 for the primary cell, power headroom for a Type 2 report is computed using 
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 is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and TC =0dB, where MPR , 
A-MPR, P-MPR and TC are defined in [6], 
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If the UE is unable to determine whether there is a PUCCH transmission corresponding to PDSCH transmission(s) or not, or which PUCCH resource is used, in subframe i for the primary cell, before generating power headroom for a Type 2 report, upon (E)PDCCH detection, with the following conditions:

-
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
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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 UplinkPowerControlDedicated-v12x0 for serving cell 
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 and if subframe 
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 belongs to uplink power control subframe set 2 as indicated by the higher layer parameter tpc-SubframeSet-r12, the UE shall use 
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