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5.1.1
Physical uplink shared channel

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 
[image: image1.wmf]c

, then the UE transmit power 
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(

,

PUSCH

i

P

c

 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 
[image: image5.wmf]c

, then the UE transmit power 
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  for the PUSCH transmission in subframe i for the serving cell 
[image: image7.wmf]c

 is given 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 
[image: image10.wmf]c

 and 
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 is the linear value of 
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defined in section 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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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 
[image: image20.wmf]c

. 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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, where the parameter preambleInitialReceivedTargetPower [8] (
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 are signalled from higher layers.

· For j =0 or 1, 
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 is a 3-bit parameter provided by higher layers for serving cell 
[image: image26.wmf]c

. For j=2, 
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· 
[image: image28.wmf]c

PL

 is the downlink pathloss estimate calculated in the UE for serving cell 
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 in dB and 
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PL

 = 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. The serving cell chosen as the reference serving cell and used for determining referenceSignalPower and higher layer filtered RSRP is configured by the higher layer parameter pathlossReferenceLinking.
· 
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 is given by the parameter deltaMCS-Enabled provided by higher layers for each serving cell 
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, are computed as below. 
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for other cases.
·  where 
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 is the number of code blocks, 
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 is the size for code block 
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, 
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 is the number of CQI/PMI bits including CRC bits  and 
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 for control data sent via PUSCH without UL-SCH data and 
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 for other cases.
· 
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PUSCH,

d

 is a correction value, also referred to as a TPC command and is included in PDCCH with DCI format 0/4 for serving cell 
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or jointly coded with other TPC commands in PDCCH with DCI format 3/3A whose CRC parity bits are scrambled with TPC-PUSCH-RNTI. The current PUSCH power control adjustment state for serving cell 
[image: image56.wmf]c

is given by
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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 with DCI format 0 for serving cell 
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 where the CRC is scrambled by the Temporary C-RNTI

· where 
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was signalled on PDCCH with DCI format 0/4 or 3/3A on subframe 
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 is the first value after reset of accumulation.

· The value of 
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 is

· For FDD,
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= 4

· 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 of DCI format 0/4 in which the LSB of the UL index is set to 1, 
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= 7
· For all other PUSCH transmissions, 
[image: image68.wmf]PUSCH

K

 is given in Table 5.1.1.1-1. 

· The UE attempts to decode a PDCCH of DCI format 0/4 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

· If DCI format 0/4 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 0/4.
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dB for a subframe where no TPC command is decoded for serving cell 
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or where DRX occurs or i is not an uplink subframe in TDD.

· The 
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 dB accumulated values signalled on PDCCH with DCI format 0/4 are given in Table 5.1.1.1-2. If the PDCCH with DCI format 0 is validated as a SPS activation or release PDCCH, then 
[image: image74.wmf]c
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 is 0dB.

· The 
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 dB accumulated values signalled on PDCCH with DCI format 3/3A are one of SET1 given in Table 5.1.1.1-2 or SET2 given in Table 5.1.1.1-3 as determined by the parameter TPC-Index provided by higher layers.

· If UE has reached 
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for serving cell 
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, positive TPC commands for serving cell 
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 shall not be accumulated

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

· UE shall reset accumulation

· For serving cell 
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, when 
[image: image80.wmf]c

,

O_UE_PUSCH

P

 value is changed by higher layers
· For the primary cell, when the UE receives random access response message

· 
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if accumulation is not enabled for serving cell 
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 based on the parameter Accumulation-enabled provided by higher layers

· where 
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was signalled on PDCCH with DCI format 0/4 for serving cell 
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 on subframe 
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· The value of 
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 is

· For FDD,
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= 4

· 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 of DCI format 0/4 in which the LSB of the UL index is set to 1, 
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= 7
· For all other PUSCH transmissions, 
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 is given in Table 5.1.1.1-1.
· The 
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 dB absolute values signalled on PDCCH with DCI format 0/4 are given in Table 5.1.1.1-2. If the PDCCH with DCI format 0 is validated as a SPS activation or release PDCCH, then 
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· 
[image: image93.wmf])

1

(

)

(

-

=

i

f

i

f

c

c

for a subframe where no PDCCH with DCI format 0/4 is decoded for serving cell 
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 or where DRX occurs or i is not an uplink subframe in TDD.

· For both types of 
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· If 
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· 
[image: image102.wmf]2

)

0

(

msg

rampup

c

P

f

d

+

D

=


· where 
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 is the TPC command indicated in the random access response, see Section 6.2, and 
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[image: image104.wmf]rampup

P

D

 is provided by higher layers and corresponds to the total power ramp-up from the first to the last preamble

Table 5.1.1.1-1 
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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 to absolute and accumulated 
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DCI format 0/3/4
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 [dB] only DCI format 0/4

	0
	-1
	-4

	1
	0
	-1

	2
	1
	1

	3
	3
	4


Table 5.1.1.1-3: Mapping of TPC Command Field in DCI format 3A to accumulated 
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 values.

	TPC Command Field in

DCI format 3A
	Accumulated
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PUSCH,

d

 [dB]

	0
	-1
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If the total transmit power of the UE would exceed 
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If the UE has PUSCH transmission with UCI (including control data sent via PUSCH without UL-SCH data) 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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 is the PUSCH transmit power for the cell with UCI (including control data sent via PUSCH without UL-SCH data) and
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 and the total transmit power of the UE still would exceed 
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If the UE has simultaneous PUCCH and PUSCH transmission with UCI (including control data sent via PUSCH without UL-SCH data) 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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5.1.2
Physical uplink control channel

5.1.2.1
UE behaviour

If serving cell 
[image: image143.wmf]c

is the primary cell, the setting of the UE Transmit power
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for the physical uplink control channel (PUCCH) transmission in subframe i is defined by
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is the configured UE transmit power defined in [6] in subframe i for serving cell 
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· If the UE is configured by higher layers to transmit PUCCH on two antenna ports, the value of 
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· For PUCCH format 1,1a and 1b 
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· For PUCCH format 1b with channel selection, if the UE is configured with more than one serving cell, 
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· For PUCCH format 2, 2a, 2b and normal cyclic prefix 
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· For PUCCH format 2 and extended cyclic prefix 
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· For PUCCH format 3 
· If the UE is configured by higher layers to transmit PUCCH on two antenna ports, or if the UE transmits more than 11 bits of HARQ-ACK 
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· Otherwise
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· 
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· 
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 is a UE specific correction value, also referred to as a TPC command, included in a PDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C for the primary cell or sent jointly coded with other UE specific PUCCH correction values on a PDCCH with DCI format 3/3A whose CRC parity bits are scrambled with TPC-PUCCH-RNTI.

· The UE attempts to decode a PDCCH of DCI format 3/3A with the UE’s TPC-PUCCH-RNTI and one or several PDCCHs of DCI format 1A/1B/1D/1/2A/2/2B/2C with the UE’s C-RNTI or SPS C-RNTI on every subframe except when in DRX.

· If the UE decodes a PDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C for the primary cell and the corresponding detected RNTI equals the C-RNTI or SPS C-RNTI of the UE, the UE shall use the 
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 provided in that PDCCH, with one exception. If the UE is configured with one serving cell, and uses PUCCH format 3 as specified in Section 10.1.3.1, the 
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 in the DCI with a DAI value of > 1 shall not be used. 
else 

· if the UE decodes a PDCCH with DCI format 3/3A, the UE shall use the 
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 provided in that PDCCH
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 is the current PUCCH power control adjustment state and where 
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is the first value after reset.
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· For TDD, values of 
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 are given in Table 10.1.3.1-1.
· The 
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 dB values signalled on PDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C are given in Table 5.1.2.1-1. If the PDCCH with DCI format 1/1A/2/2A/2B/2C is validated as an SPS activation PDCCH, or the PDCCH with DCI format 1A is validated as an SPS release PDCCH, then 
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 dB values signalled on PDCCH with DCI format 3/3A are given in Table 5.1.2.1-1 or in Table 5.1.2.1-2 as semi-statically configured by higher layers.
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 is the TPC command indicated in the random access response, see Section 6.2 and
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 is the total power ramp-up from the first to the last preamble provided by higher layers

· If UE has reached  
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for the primary cell, positive TPC commands for the primary cell shall not be accumulated

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

· UE shall reset accumulation

· when 
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· when the UE receives a random access response message

· 
[image: image201.wmf]()(1)

gigi

=-

 if 
[image: image202.wmf]i
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Table 5.1.2.1-1: Mapping of TPC Command Field in DCI format 1A/1B/1D/1/2A/2B/2C/2/3 to 
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 values.

	TPC Command Field in

DCI format 1A/1B/1D/1/2A/2B/2C/2/3
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 [dB]

	0
	-1

	1
	0

	2
	1

	3
	3


Table 5.1.2.1-2: Mapping of TPC Command Field in DCI format 3A to 
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	TPC Command Field in

DCI format 3A
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10.1.3  TDD HARQ-ACK feedback procedures
For TDD and one configured serving cell, two HARQ-ACK feedback modes are supported by higher layer configuration.

· HARQ-ACK bundling and 

· HARQ-ACK multiplexing 

For TDD UL-DL configuration 5 and one configured serving cell, only HARQ-ACK bundling is supported.
TDD HARQ-ACK bundling is performed per codeword across 
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 multiple DL subframes associated with a single UL subframe n, where 
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 is the number of elements in the set 
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 defined in Table 10.1.3.1-1, by a logical AND operation of all the individual PDSCH transmission (with and without corresponding PDCCH) HARQ-ACKs and ACK in response to PDCCH indicating downlink SPS release. For one configured serving cell the bundled 1 or 2 HARQ-ACK bits are transmitted using PUCCH format 1a or PUCCH format 1b, respectively.

For TDD HARQ-ACK multiplexing and a subframe n with 
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, where 
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 is the number of elements in the set 
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 defined in Table 10.1.3.1-1, spatial HARQ-ACK bundling across multiple codewords within a DL subframe is performed by a logical AND operation of all the corresponding individual HARQ-ACKs. PUCCH format 1b with channel selection is used in case of one configured serving cell. For TDD HARQ-ACK multiplexing and a subframe n with 
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, spatial HARQ-ACK bundling across multiple codewords within a DL subframe is not performed, 1 or 2 HARQ-ACK bits are transmitted using PUCCH format 1a or PUCCH format 1b, respectively for one configured serving cell. 

In the case of TDD and more than one configured serving cell with PUCCH format 1b with channel selection and more than 4 HARQ-ACK bits for 
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 multiple DL subframes associated with a single UL subframe n, where 
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 is the number of elements in the set 
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 defined in Table 10.1.3.1-1 and for the configured serving cells, spatial HARQ-ACK bundling across multiple codewords within a DL subframe for all configured cells is performed and the bundled HARQ-ACK bits for each configured serving cell is transmitted using PUCCH format 1b with channel selection. For TDD and more than one configured serving cell with PUCCH format 1b with channel selection and up to 4 HARQ-ACK bits for
[image: image217.wmf]M

 multiple DL subframes associated with a single UL subframe n, where 
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 is the number of elements in the set 
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 defined in Table 10.1.3.1-1 and for the configured serving cells, HARQ-ACK bundling is not performed and the HARQ-ACK bits are transmitted using PUCCH format 1b with channel selection.
In the case of TDD and more than one configured serving cell with PUCCH format 3 and more than 20 HARQ-ACK bits for 
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 multiple DL subframes associated with a single UL subframe n, where 
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 is the number of elements in the set 
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 defined in Table 10.1.3.1-1 and for the configured serving cells, spatial HARQ-ACK bundling across multiple codewords within a DL subframe is performed for each serving cell by a logical AND operation of all of the corresponding individual HARQ-ACKs and PUCCH format 3 is used. For TDD and more than one configured serving cell with PUCCH format 3 and up to 20 HARQ-ACK bits for 
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 multiple DL subframes associated with a single UL subframe n, where 
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 is the number of elements in the set 
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 defined in Table 10.1.3.1-1 and for the configured serving cells, spatial HARQ-ACK bundling is not performed and the HARQ-ACK bits are transmitted using PUCCH format 3.

For TDD with PUCCH format 3, a UE shall determine the number of HARQ-ACK bits, 
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,  associated with an UL subframe n based on the number of configured serving cells, the downlink transmission modes configured for each serving cell and 
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 which is the number of elements in the set 
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 defined in Table 10.1.3.1-1 according to 
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 is the number of configured cells, and 
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is the number of HARQ-bits for the for the c-th serving cell defined in section 7.3.
TDD HARQ-ACK feedback procedures for one configured serving cell are given in section 10.1.3.1 and procedures for more than one configured serving cell are given in section 10.1.3.2.
10.1.3.1  
TDD HARQ-ACK procedure for one configured serving cell

The TDD HARQ-ACK feedback procedures for one configured serving cell are either based on a PUCCH format 1a/1b HARQ-ACK procedure as described in section 10.1.3.1.1 or a PUCCH format 3 HARQ-ACK procedure as described in section 10.1.3.1.2. HARQ-ACK transmission on two antenna ports 
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 is supported for PUCCH format 3 and TDD with one configured serving cell.  
10.1.3.1.1
PUCCH format 1a/1b HARQ-ACK procedure

HARQ-ACK transmission on two antenna ports 
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 is supported for PUCCH format 1a/1b with TDD HARQ-ACK bundling feedback mode.
For TDD HARQ-ACK bundling or TDD HARQ-ACK multiplexing for one configured serving cell and a subframe n with 
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 defined in Table 10.1.3.1-1, the UE shall use PUCCH resource 
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 for transmission of HARQ-ACK in subframe 
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 on antenna port p for PUCCH format 1a/1b, where

· If there is PDSCH transmission indicated by the detection of corresponding PDCCH or there is PDCCH indicating downlink SPS release within subframe(s) 
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 is the number of the first CCE used for transmission of the corresponding PDCCH in subframe 
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· If there is only a PDSCH transmission where there is not a corresponding PDCCH detected within subframe(s) 
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Table 10.1.3.1-1: Downlink association set index
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 for TDD

	UL-DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6
	-
	4
	-
	-
	6
	-
	4

	1
	-
	-
	7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	2
	-
	-
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	-
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	8, 7, 4, 6
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	-
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	-
	-
	12, 8, 7, 11
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	-
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For TDD HARQ-ACK multiplexing and sub-frame 
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· For a PDSCH transmission or a PDCCH indicating downlink SPS release in sub-frame 
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 is the number of the first CCE used for transmission of the corresponding PDCCH in subframe 
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· For a PDSCH transmission where there is not a corresponding PDCCH detected in subframe 
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 is determined according to higher layer configuration and Table 9.2-2.

Based on higher layer signalling a UE configured with a single serving cell will either perform channel selection either according to the set of Tables 10.1.3-2, 10.1.3-3, and 10.1.3-4 or according to the set of Tables 10.1.3-5, 10.1.3-6, and 10.1.3-7.  For the selected table set indicated by higher layer signaling, the UE shall transmit 
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 using PUCCH format 1b according to section 5.4.1 in [3]. The value of 
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 are generated by channel selection according to the selected set of Tables for M = 2, 3, and 4 respectively. 
Table 10.1.3-2: Transmission of HARQ-ACK multiplexing for M = 2

	HARQ-ACK(0), HARQ-ACK(1)
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Table 10.1.3-3: Transmission of HARQ-ACKmultiplexing for M = 3
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Table 10.1.3-4: Transmission of HARQ-ACK multiplexing for M = 4
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Table 10.1.3-5: Transmission of HARQ-ACK multiplexing for M = 2
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Table 10.1.3-6: Transmission of HARQ-ACK multiplexing for M = 3
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Table 10.1.3-7: Transmission of HARQ-ACK multiplexing for M = 4
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10.1.3.1.2
PUCCH format 3 HARQ-ACK procedure

The PUCCH format 3 HARQ-ACK procedure as described in section 10.1.3.2.2 shall apply, except the following. The UE is only configured with only one serving cell. For a DCI with a DAI value of > 1, the TPC field in the DCI format of the PDCCH shall be used to determine the PUCCH resource values from one of the four resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. A UE shall assume that the same HARQ-ACK PUCCH resource value is transmitted in each DCI format with a DAI value of > 1 in subframes 
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 is defined in Table 10.1.3.1-1. If only one DCI with a DAI value of 1 is detected, or if there is only one PDSCH transmission without a corresponding PDCCH detected within subframe(s) 
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 is defined in Table 10.1.3.1-1, the UE shall apply the same procedure as described in section 10.1.3.2.1. 
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