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5.1.1
Physical uplink shared channel

5.1.1.1
UE behaviour

The setting of the UE Transmit power
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 for the physical uplink shared channel (PUSCH) transmission in subframe i is defined by
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where,

· 
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is the maximum allowed power that depends on the UE power class

· 
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is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks valid for subframe i.
· 
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is a parameter composed of the sum of a 8-bit cell specific nominal component 
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 signalled from higher layers for j=0 and 1 in the range of [-126,24] dBm with 1dB resolution and a 4-bit UE specific component 
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 configured by RRC for j=0 and 1 in the range of [-8, 7] dB with 1dB resolution. For PUSCH (re)transmissions corresponding to a configured scheduling grant then j=0 and for PUSCH (re)transmissions corresponding to a received PDCCH with DCI format 0 associated with a new packet transmission then j=1. For PUSCH (re)transmissions corresponding to the random access response grant then j=2. 
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 in the range of [-120, -90] dBm with 2dB resolution and and 
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 in the range of [-2, 12] dB with 2 dB resolution are signalled from higher layers.
· For j =0 or 1, 
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 is a 3-bit cell specific parameter provided by higher layers. For j=2, 
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· PL is the downlink pathloss estimate calculated in the UE
· 
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 is a cell specific parameter given by RRC
· 
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 is the Transport Block Size for subframe i and 
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 is the number of resource elements determined as 
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 for subframe i, where 
[image: image22.wmf]PUSCH

symb

N

 is defined in [4].
· 
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 is a UE specific correction value, also referred to as a TPC command and is included in PDCCH with DCI format 0 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 is given by
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 if accumulation is enabled based on the UE-specific parameter Accumulation-enabled provided by higher layers

· where 
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was signalled on PDCCH with DCI format 0 or 3/3A 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, 
[image: image31.wmf]PUSCH

K

 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 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 UE attempts to decode a PDCCH of DCI format 0 with the UE’s C-RNTI and a PDCCH of DCI format 3/3A with ths UE’s TPC-PUSCH-RNTI in every subframe except when in DRX

· If DCI format 0 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.

· 
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dB for a subframe where no TPC command is decoded 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 are given in Table 5.1.1.1-2.

· 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-step-size provided by higher layers.

· If UE has reached maximum power, positive TPC commands shall not be accumulated

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

· UE shall reset accumulation

· at cell-change

· when entering/leaving RRC active state

· when an absolute TPC command is received

· when 
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· when the UE (re)synchronizes
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[image: image39.wmf])

(

)

(

PUSCH

PUSCH

K

i

i

f

-

=

d

if accumulation is not enabled based on the UE-specific parameter Accumulation-enabled provided by higher layers

· where 
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was signalled on PDCCH with DCI format 0 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 PDCCHof DCI format 0 in which the second bit 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 are given in Table 5.1.1.1-2.

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

· For both types of 
[image: image49.wmf])

(

*

f

 (accumulation or current absolute) the first value is set as follows:
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· where 
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 is the TPC command indicated in the random access response, see Section 6.2, and
·  
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 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 to absolute and accumulated 
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 values.

	TPC Command Field in

DCI format 0/3
	Accumulated 
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[dB]
	Absolute 
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[dB] only DCI format 0

	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 
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 values.

	TPC Command Field in

DCI format 3A
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 [dB]

	0
	-1

	1
	1


5.1.1.2
Power headroom

The UE power headroom
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 valid for subframe i is defined by 
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where,
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 are defined in section 5.1.1.1. 

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. 

5.1.2
Physical uplink control channel

5.1.2.1
UE behaviour

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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· 
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table entries for each PUCCH format (F ) defined in Table 5.4-1 in [3] are given by RRC 

· Each signalled 
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2-bit value corresponds to a PUCCH format (F) relative to PUCCH format 1a.

· The 
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 value for each PUCCH format (F) is defined in Table 5.1-2.

Table 5.1-2 Definition of 
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 for each PUCCH format (F)

	PUCCH format (F)
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 (dB)

	1
	[-2, 0, 2]

	1b
	[1, 3, 5]

	2
	[-2, 0,1, 2]

	2a
	[-2, 0, 2]

	2b
	[-2, 0, 2]


· 
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 is a PUCCH format dependent value, where 
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 corresponds to the number information bits for the channel quality information defined in section 5.2.3.3 in [4] and 
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 is the number of HARQ bits.

· For PUCCH format 1,1a and 1b 
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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 
[image: image79.wmf](
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· 
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 is a parameter composed of the sum of a 5-bit cell specific parameter 
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 provided by higher layers with 1 dB resolution in the range of [-127, -96] dBm and a UE specific component 
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 configured by RRC in the range of [-8, 7] dB with 1 dB resolution.

· 
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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 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 with the UE’s C-RNTI on every subframe except when in DRX.

· If the UE decodes a PDCCH with DCI format 1A/1B/1D/1/2A/2 and the corresponding detected RNTI equals the C-RNTI of the UE, the UE shall use the 
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 provided in that PDCCH.

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

else the UE shall set 
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 = 0 dB.
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 where 
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 is the current PUCCH power control adjustment state.

· For FDD, 
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· For TDD, values of 
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 and 
[image: image92.wmf]m

k

 are given in Table 10.1-1.
· The 
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 dB values signalled on PDCCH with DCI format 1A/1B/1D/1/2A/2 are given in Table 5.1.2.1-1.

· The 
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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.

· The initial value of 
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· where 
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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 maximum power, positive TPC commands shall not be accumulated

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

· UE shall reset accumulation

· at cell-change

· when entering/leaving RRC active state

· when 
[image: image99.wmf])

(

O_UE_PUCCH

j

P
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· when the UE (re)synchronizes

· 
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 if 
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 is not an uplink subframe in TDD.

Table 5.1.2.1-1: Mapping of TPC Command Field in DCI format 1A/1B/1D/1/2A/2/3 to 
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 values.

	TPC Command Field in

DCI format 1A/1B/1D/1/2A/2/3
	
[image: image103.wmf]PUCCH

d

 [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 
[image: image104.wmf]PUCCH
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 values.

	TPC Command Field in

DCI format 3A
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 [dB]

	0
	-1

	1
	1


5.1.3
Sounding Reference Symbol

5.1.3.1
UE behaviour

The setting of the UE Transmit power 
[image: image106.wmf]SRS

P

for the Sounding Reference Symbol transmitted on subframe i is defined by
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where 

· For 
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 is a 4-bit UE specific parameter semi-statically configured by higher layers with 1dB step size in the range [-3, 12] dB.

· For 
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,
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 is a 4-bit UE specific parameter semi-statically configured by higher layers with 1.5 dB step size in the range [-10.5,12] dB

· 
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 is the bandwidth of the SRS transmission in subframe i expressed in number of resource blocks.
· 
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 is the current power control adjustment state for the PUSCH, see Section 5.1.1.1.

· 
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 is a parameter as defined in Section 5.1.1.1, where 
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5.2
Downlink power allocation 
The eNodeB determines the downlink transmit energy per resource element.
A UE may assume downlink cell-specific RS EPRE is constant across the downlink system bandwidth and constant across all subframes until different cell-specific RS power information is received. The downlink reference-signal EPRE is given by the parameter Reference-signal-power provided by higher layers.
For each UE, the ratio of PDSCH EPRE to cell-specific RS EPRE among PDSCH REs in all the OFDM symbols not containing cell-specific RS is equal and is denoted by
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The UE may assume that for 16 QAM, 64 QAM, RI>1 spatial multiplexing or for PDSCH transmissions associated with the multi-user MIMO transmission mode, 
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is 0 dB for all transmission modes except multi-user MIMO and where
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 is a UE specific parameter configured by RRC and which can take the values of [3, 2, 1, 0, -1, -2, -3, -6] in dB.

If UE-specific RSs are present in a PRB, the ratio of PDSCH EPRE to UE-specific RS EPRE for each OFDM symbol is equal. In addition, the UE may assume that for 16QAM or 64QAM, this ratio is 0 dB.
For each UE, the ratio of PDSCH EPRE to cell-specific RS EPRE among PDSCH REs in all the OFDM symbols containing cell-specific RS is equal and is denoted by
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The cell-specific ratio 
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 is given by Table 5.2-1 according to cell-specific parameter 
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 signalled by higher layers and the number of configured eNodeB cell specific antenna ports.

Table 5.2-1: Ratio of PDSCH EPRE to cell-specific RS EPRE in symbols with and without cell-specific RS for 1, 2, or 4 cell specific antenna ports 
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	One Antenna Port
	Two and Four Antenna Ports 

	0
	1
	5/4

	1
	4/5
	1

	2
	3/5
	3/4

	3
	2/5
	1/2


For PMCH with 16QAM or 64QAM, the UE may assume that the ratio of PMCH EPRE to MBSFN RS EPRE is equal to 0 dB.

5.2.1 
eNodeB Relative Narrowband TX Power restrictions

The determination of reported Relative Narrowband TX Power indication 
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where 
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 is the maximum intended EPRE of UE-specific PDSCH REs in OFDM symbols not containing RS in this physical resource block on antenna port p in the considered future time interval;
[image: image129.wmf]PRB

n

 is the physical resource block number 
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 takes on one of the following values
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where 
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6
Random access procedure

Prior to initiation of the non-synchronized physical random access procedure, Layer 1 shall receive the following information from the higher layers:

1. Random access channel parameters (PRACH configuration, frequency position and preamble format)

2. Parameters for determining the root sequences and their cyclic shifts in the preamble sequence set for the cell (index to root sequence table, cyclic shift (
[image: image138.wmf]CS
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), and set type (unrestricted or restricted set))
6.1
Physical non-synchronized random access procedure
From the physical layer perspective, the L1 random access procedure encompasses the transmission of random access preamble and random access response.  The remaining messages are scheduled for transmission by the higher layer on the shared data channel and are not considered part of the L1 random access procedure.  A random access channel occupies 6 resource blocks in a subframe or set of consecutive subframes reserved for random access preamble transmissions. The eNodeB is not prohibited from scheduling data in the resource blocks reserved for random access channel preamble transmission.

The following steps are required for the L1 random access procedure:

1. Layer 1 procedure is triggered upon request of a preamble transmission by higher layers.

2. A preamble index, a target preamble received power (PREAMBLE_RECEIVED_TARGET_POWER), a corresponding RA-RNTI and a PRACH resource are indicated by higher layers as part of the request.

3. A preamble transmission power PPRACH is determined as 
PPRACH = min{Pmax,  PREAMBLE_RECEIVED_TARGET_POWER + PL}, where Pmax is the maximum allowed power that depends on the UE power class and PL is the downlink pathloss estimate calculated in the UE.

4. A preamble sequence is selected from the preamble sequence set using the preamble index.

5. A single preamble is transmitted using the selected preamble sequence with transmission power PPRACH on the indicated PRACH resource.

6. Detection of a PDCCH with the indicated RA-RNTI is attempted during a window controlled by higher layers (see [8], clause 5.1.4). If detected, the corresponding PDSCH transport block is passed to higher layers. The higher layers parse the transport block and indicate the 20-bit UL-SCH grant to the physical layer, which is processed according to section 6.2.

6.1.1
Timing

For the L1 random access procedure, UE’s uplink transmission timing after a random access preamble transmission is as follows.

a. If a PDCCH with associated RA-RNTI is detected in subframe n, and the corresponding DL-SCH transport block contains a response to the transmitted preamble sequence, the UE shall, according to the information in the response, transmit an UL-SCH transport block in the first subframe 
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, where an UL-SCH transmission is available.

b. If a random access response is received in subframe n, and the corresponding DL-SCH transport block does not contain a response to the transmitted preamble sequence, the UE shall, if requested by higher layers, transmit a new preamble sequence in the first subframe 
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, where a PRACH resource is available.
c. If no random access response is received in subframe n, the UE shall, if requested by higher layers,  transmit a new preamble sequence in the first subframe 
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, where a PRACH resource is available.

In case random access procedure is triggered by the PDCCH indicating downlink data arrival in subframe n, UE shall, if requested by higher layers, transmit random access preamble in the first subframe 
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, where a PRACH resource is available.
6.2
Random Access Response Grant

The higher layers indicate the 20-bit Random Access Response to the physical layer. The content of these 20 bits starting with the MSB and ending with the LSB are as follows:

- Hopping flag – 1 bit

- Fixed size resource block assignment – 10 bits

- Truncated modulation and coding scheme – 4 bits

- TPC command for scheduled PUSCH – 3 bits

- UL delay – 1 bit

- CQI request – 1 bit
The UE shall perform PUSCH frequency hopping if the single bit frequency hopping (FH) field in a corresponding Random Access Response Grant is set as 1, otherwise no PUSCH frequency hopping is performed.  When the hopping flag is set, the UE shall perform PUSCH hopping as indicated via the fixed size resource block assignment detailed below, 
The fixed size resource block assignment field is interpreted as follows:

if 
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Truncate the fixed size resource block assignment to its b least significant bits, where 
[image: image148.wmf](

)

(

)

é

ù

2

/

1

log

UL

RB

UL

RB

2

+

×

=

N

N

b

, and interpret the truncated resource block assignment according to the rules for a regular DCI format 0
else 

Insert b most significant bits with value set to ‘0’ after the NUL_hop hopping bits in the fixed size resource block assignment, where the number of hopping bits NUL_hop  is defined in Table 8.4-1, and 
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end if

The truncated modulation and coding scheme field is interpreted such that the modulation and coding scheme corresponding to the Random Access Response grant is determined from MCS indices 0 through 15 in Table 8.6.1-1.
The TPC command 
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  shall be used for setting the power of the PUSCH, and is interpreted according to Table 6.2-1.
Table 6.2-1: TPC Command 
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  for Scheduled PUSCH

	TPC Command
	Value (in dB)

	0
	-8

	1
	-6

	2
	-4

	3
	-2

	4
	0

	5
	2

	6
	4

	7
	6


The UL delay applies for both TDD and FDD. If this field is set to 0 the UE shall upon detection of a Random Access Response grant in subframe n transmit the corresponding PUSCH transmission in subframe n+k, where k is the first available UL subframe for PUSCH transmission, such that k>5. If the UL delay field is set to 1, UE shall postpone the PUSCH transmission to the first available subframe after subframe n+k. A UE shall perform aperiodic CQI, PMI and RI reporting using the PUSCH upon receiving the CQI request indication sent in the scheduling grant.  
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